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OUPLEX 
This particular model is used for GALLONS PER HOUR (gph) 
pressures up to 7500 pounds per 
square inch. A pneumatic piston 
positioner (top left) automatically HERE’S THE NEW HYROYMETRIC?.. 
regulates pumping speed in re- 
sponse to a 3-15 pounds per For Metering Accuracy at Higher Pressures and Capacities 


square inch instrument air signal 
Here’s a new Milton Roy Flow-Control Instrument—to fill 
the growing industrial need for precision metering of liquids 
in the higher pressure ranges. 


Capacity range:...........1 pint to 2700 gallons per hour 
Maximum pressure:........ 50,000 pounds per square inch 
Capacity regulation:...... . Manual or automatic and fully 

adjustable while in operation 
ii es PE dase kee dun eie Air or electric motor 
ice ekkihe nde eeneae sen Full alloy selection 


The HyROYmetric is just one member of a complete line of 
Milton Roy Controlled Volume Pumps. Our engineering 
service includes sizing of equipment, proper instrumentation, 
panelboard design and construction, and all other details as 
part of the complete service available to you at no extra cost. 












Reference Literature— Write for Bulletin MILTON e ‘ 





1153-A “"HyROYmetric” and Bulletin 553 / <a Engineering representatives in the 


“Motor-Driven Controlled Volume Pumps.” 
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UIBRASCOPE 
“Y xY PUNCHED 
PLOTTER & RECORDER a PLOTTER & RECORDER CARD 


CONVERTER 


KEYBOARD - 









































DECIMAL KEYBOARD: Consists of a three-decimal bank for 

each axis with associated plus-minus keys. Depressing ’ PUNCHED CARD CONVERTER: Converts punched card data 
plot bar initiates plot and clears keyboard automatically. to an analog form suitable for input to X-Y Plotter from 
Also manual clear button. Size: 82x11 in., Weight: Gang Summary or Reproducing punches. Display Monitor, 
12 Lbs. Total tube complement 26 tubes. 
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D.C. INPUTS: 5 millivolt full scale sensitivity on both 


+ ejfe 7 
simplified recording axes. Infinite input impedance for signals to .5 volts, 
C 


2 megohms input impedance above .5 volts. 


of two independent 
variables with orealer 
selection of input devices 


A compact, desk-size unit that accepts 
either analog or digital inputs. Standard 
digital converters: Decimal keyboard, 
Decimal punched card, and Binary for 
Computer Outputs. Handles remote 
mechanical shaft rotations directly with- 
out modification. Modifications available 
to customer specifications. Full chart 
visibility allows observer to view curve 
generation at all times. Unique pen 
travel for fast, dependable performance. 
Write for full catalog information. 


Engineers, physicists and mathematicians 
in search of interesting assignments, rapid Computers & Controls 
se : _ i DESCRIPTION: 


advancement, and job security are requested | B A S CO p F Desk or Rack Mounted 
to write Dick Hastings, Personnel Director. (RCA or RMA) 
Accuracy: .1% 
Weight: 70 Ibs. 
A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION Uses Standard G are 
LIBRASCOPE, INCORPORATED 1607 FLOWER STREET, GLENDALE, CALIFORNIA 11” x 1642”, or 8¥2" 


Power Consumption: 
150 watts, 115 volts, 
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Please mention ISA JOURNAL when writing. 
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K aM introduced 


the molded diaphragm 
--- WHY? 


Unlike many conventional control valve diaphragms, 
K & M contour molded diaphragms maintain a 
constant effective area throughout the entire range of 
valve stem travel. Control variations are transmitted to 
the K & M inner valve without distortion for more 
accurate, more reliable flow regulation. And, with less 
possibility of any binding and sticking whatsoever. 


Furthermore, the effective area of the K & M contour 
molded diaphragm is particularly large. This 

greater area, combined with long stem travel, enables 
K & M Diaphragm Motors to provide virtually the 
highest “power factor” available. Thus, not only 

is the inner valve positioned more accurately, but 
sensitivity of response is also increased. 





To assure long term service under the toughest 
operating conditions, all K & M diaphragms are molded 
of tough, inert neoprene and fabric reinforced. 


In addition to contour molded diaphragms, K & M 
Control Valves incorporate other unique operating 
advantages, such as all steel topworks construc- 

tion with open-yoke design, and the two-bolt 

patented continuous seal method for positive 
diaphragm casing closure. 


WRITE FOR YOUR COPY of the new K & M Valve 
Engineering Data Catalog, Bulletin CV53. 

. : NEW ... Valve Size Slide Rule Calculator 
“| =8 a with LOW FLOW DATA. 


a oe diaphragm control valves 











64 Genung Street Valve Makers 
Middletown, New York Since 1879 


Please mention ISA JOURNAL wher 





The Duplex Function Plotter 


— plots two variables vs a third 


N EWESsT of the many modifications of the ElectroniK recorder for research 
purposes is this two-pen version of the famous Function Plotter. It has 
three independent measuring systems; one for each of the horizontally 
moving pens, and one for the vertically moving chart. It is thus able to 
draw two simultaneous curves representing the relationship x,x’=f(y). 


The Duplex Function Plotter gives research men better data in the testing 
of missiles, engines, nuclear reactions and many other studies. It provides 
a continuous plot of two related functions on a single chart . . . eliminates 
the labor and possibility of human error in replotting from two separate 
records. 


Input to either pen or to the y-axis can be practically any variable that 
can be converted to a d-c signal. All three inputs can be of different 
calibrations. 


Two new instruments to 





The ZLectraniK Null Indicator 


—the successor to the galvanometer 


Tue LAB MAN’S ideal null balance d-c detector, the ElectroniK Null In- 
dicator is completely free from all the limitations of galvanometers. It 
speeds bridge-balancing operations, because there’s no “‘loss of spot”’ from 
excess signal. It takes heavy overloads without damage. It’s unaffected by 
vibration, and needs no special mounting or leveling. 


The Null Indicator has high sensitivity and quick response. It indicates 
in less than one second . . . ideal for production testing. Its stable electronic 
circuit holds steady zero after warm-up. Just plug it into any 115-volt, 
60 cycle line and it’s ready to use. 


Current sensitivity is 0.6 x 10°? amperes per millimeter . . . voltage sensi- 
tivity 1 microvolt per millimeter. Input impedance is 1500 ohms. Eco- 
nomical price places the ElectroniK Null Indicator within the reach of any 
research budget. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., Industrial Division, Wayne 
and Windrim Avenues, Philadelphia 44, Pa. 





Please mention ISA JOURNAL when writing. 
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Your nearby Honeywell field engineer 
will be glad to discuss how these and 
other Honeywell instruments can help 
to save time and routine labor in your 
research work, Call him today ... he’s 
as near as your phone. 


REFERENCE DATA: Write for Data Sheet No. 10.0-7, MIiNnNNBAP OLIS 
BectroniK Duplex Function Plotter,’’ and for Data Sheet yw 
No. 10.0-12, “Electronix Null indicator.” one e 


BROWN INSTRUMENTS 


Tout we Covtrols. 








HE Instrument Society of America has en- 
joyed a tremendous growth since January 10, 
1946, when ten local groups accepted the proposed 
National Constitution 
and By-Laws. Today 
we have a total of 72 
Sections with a total 
membership of well 
over 7,000 members. 
What is the dynamic 
force responsible for 
this expansion of in- 
terest? It is the grow- 
ing realization of the 
value of our aims and 
objectives — powered 
by a dynamic organi- 
zation (ISA) that is 
capable of implement- 
ing them. 

“The Objectives of the Society shall be to ad- 
vance the art and sciences connected with the 
theory, design, manufacture and use of instru- 
ments in the various sciences and technologies.” 

While our Constitution and By-Laws set forth 
the formalities of our organization, I wonder how 
many of our members, particularly our newer ones 
understand just how we function — particularly 
in the Executive Board? The Organization Struc- 
ture has its roots in the members and their respec- 
tive Sections. Each Section elects a National Del- 
egate to the National Council. This National 
Council normally meets once a year and each Na- 
tional Delegate carries to the Council one vote for 
each full member of his Section. The control and 
management of the affairs, property and funds of 
the Society are vested in the Council. The Coun- 
cil, in turn, elects the Officers of the Society at an 
annual meeting after receiving the recommenda- 
tions of a Nominating Committee formed within 
the Council and reporting through the President. 

The Executive Board of the Society consists of 
the President, the latest living Past-President, 
four Vice-Presidents, Treasurer, Secretary, and 
not more than two additional members who may 
be elected by the Executive Board to serve on the 
Board for a period not to exceed one year. 

The Society Manager and the National Office 
staff are paid employees of the Society. The So- 
ciety Manager reports directly to the President. 
The Officers and Council members do not receive 
compensation for their time spent on Society 
affairs. 

The Executive Board holds not less than four 
meetings each year. Most of these meetings are 
two-day meetings because of numerous details 
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National Committees at Work 






. an organization can be only as su 
as its ability to organige 
group thinking and group contributions 







necessary to be considered and discussed by the ] 
Board. The Officers of the Board are the individ | ? 
uals or members of the “line” organization dire | ™ 
ly responsible for the operations of the Society ig de 
its several departments. : 

National Committees, acting in their staf] its 
functions, are responsible to one of the Officersgf | ne 
the Society — submitting their reports ani} ef 
recommendations through that assigned Officer | th 
Committee reports and recommendations always} Jai 
form a major part of the agenda of each Executig ) ph 
Board Meeting. do 

There are thirty major committees (see page| the 
60 and 61 ISA Journal, March 1954) and manyof] the 
these committees, particularly in the Technigl! loo 
Division, have a number of sub-committees pw {| val 
viding for work on Instrumentation in practical} cis 
every field where there is concrete interest. ust 

A list of the membership of these committes} son 
will be found on pages 32 to 36 in the Program] me 
and Exhibit Guide for the 8th National Insite} spo 
ment Conference and Exhibit held last year in} bec 
Chicago, the list being current to that time. Sue] ma 
ceeding issues of the Journal will carry deseri-} wor 
tions of the objectives and programs of the valk} prin 
ous committees. There is room on these commik} time 
tees for many more workers and there will bea} gag 
need in our expanding Society for still more com} curc 
mittees specializing in the various new fields ofl} abo 
strumentation and Automation in order that # 1 
may continue to meet and to broaden our aimsai 
objectives. In many cases, the National Offices 
or the Committee Chairmen will not know of tlt 
members’ special abilities available or of therf 
willingness to serve. But, they all welcome met 
bers who will step forward volunteering thé 
services for committee work. In writing #3 
Committee Chairman or an Officer, the m 
should give a resume of his background and abil 
to contribute his thinking to the work of 
selected committee or sub-committee. A soci 
any organization can only be as successful 
ability to organize group thinking and group 
tributions. q 

The individual, on the other hand, will & 
most from his membership in the Society1 
contributes through his thinking and paru 
tion in the topics in which the Society is inte 
The Instrument Society of America is YOUR 
ciety. Your participation through comm 
work and activities at the national level 
come and desirable. 


DM frm 


Secretary. 
15A Joutll, May 1 
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Eprrors NOTE: 


“point” they would like to pass on to our readers. 


DERN instrumentation began its real growth 

about thirty years ago, receiving a strong im- 
pulse from the development of the inferential fluid 
| meter into an extremely useful and quite accurate 
device. 

At that time, automatic combustion control made 
its real debut, and for the first time some real engi- 
neering was applied to such problems as reservoir 
effect, time-lag, and hunting. C. H. Smoot, one of 
the pioneers in applying mathematics to the subject, 
jaid down one very important principle which he 

phrased, “If you want an indicator to be accurate, 
don't give it any work to do”. To illustrate the point, 
the older boiler level controls used a float to indicate 
the action required, then spoiled the accuracy by 
loading the float with the work of operating the feed 
valve. Bourdon test gages (except the special pre- 
cision gages now made with large tubes) do not 
usually do better than +0.25% accuracy. The rea- 
son is that the Bourdon tube has very little power, and 
merely applying one gear and an indicator hand 
spoils the precision. The same tube with a light 
beam would show better than 0.1% accuracy. In 
making a precise “bottom-hole” gage for oilwell 
work, -we used a long corrugated bellows as the 
primary element, having somewhere around 200 
times the power of a Bourdon tube. As a result, this 
gage, a recorder, shows results better than 0.1% ac- 
curacy at 4 to 6,000 p.s.i., in the hands of “roust- 
abouts”. 


The foregoing brings us to the point to be made. 
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E SONNEL to man the activities which constitute 
“Instrumentation” presents a problem perhaps 
/Mhique in the technical field. The diversity of activi- 
ties in which our member-read- 
ers engage is evident from the 
following approximations drawn 
from statistics compiled in the 
National Office for the period 
ending March 1, 1954. 

(1) Almost 40 per cent of our 
members are engineers, drawn 
from virtually all of the tradi- 
tional areas of engineering edu- 
cation. 
bout (2) Of the above group (1) 

One-third are engaged in instrument manu- 
, almost one-half are employed in the manu- 
facture of other products, the remainder work for 


? esearch and testing laboratories, consulting engi- 


cae 
a 
oy 
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Recently we took it upon ourselves to ask certain individuals who have achieved promi- 
nence in technical circles and who are identified with the Field of Instrumentation, if they had some pet 
The following is Mr. Pigott’s response: 


This is My Pet Point 


j By R. J. S. PIGOTT, Consulting Engineer 


A long, and sometimes disappointing, experience 
with invention has brought the writer to the conclu- 
sion that the principle of the invention is usually less 
important than how well the design is worked out for 
practical manufacture. For example, the gravimeter, 
an instrument used in oil exploration for measuring 
small differences in earth-gravity, has a precision of 
1 to 1.5 parts in 100,000,000. 
Knife edges in the balance sys- 
tem would not be accurate 
enough and too fragile; (The in- 
strument is often carried on 
mule back in the jungles.)—so 
the “fulcrum-plate’” or “liga- 
ment’ was used instead. This 
type of flexure element for small 
angular movements has no fric- 
tion, only a determinable spring 
resistance. 

This point is, then, we should examine every ele- 
ment in an instrument to determine whether it is 
capable of retaining sufficient accuracy for the pur- 
pose under the force it must exert to operate any 
other element required. This kind of investigation 
is best made in the early design stage. Perhaps 
the order of investigation must be — desired accuracy 
first, reliability and durability second, finally cost. 
In the face of competition, the impulse may be to 
design to a price: this can be risky, since it sets 
limits on design, before it is known what the design 
has to be to get the desired accuracy. 

*(For a brief biography of Mr. Pigott, turn to page 8.) 









Instrument Manpower and Education 


By ROBERT J. JEFFRIES, Editor 


neering firms, the government agencies, the armed 
services, etc. 

(3) Approximately 15 per cent of the readers are 
sales engineers and manufacturers’ representatives 
sales and advertising managers. 

(4) Approximately 15 per cent of the ISA member- 
ship are employed in activities in which they use 
instruments as tools, e.g., chemists, inspectors, testers. 

(S) Almost one-eighth of our readers are concerned 
with plant operations, ranging from process operators 
to works managers. 

(6) The remaining ISA members are corporate 
executives, educators, etc. 

The point to be made is this — Instrumentation 
activities pervade all facets of industrial production 
and research. Its practitioners range from the instru- 
ment mechanic to the systems planner. The Field 
of Instrumentation has need for a continuing supply 
of personnel to man the ever-increasing installations 
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of automatized units of production, to plan, design, 
construct, sell and install new instrumentation equip- 

ments and systems. The problem of preparing men 

for this work constitutes a challenge unique to techni- 

cal education. In the past, and in the traditional 

technical anc semi-technical endeavors in which 

man has engaged, there have existed systems of 

apprenticeship, formal technician training programs 

and collegiate curricula. Out of them have come our 

electricians, machinists, printers, cabinet makers, 

nurses, engineers and doctors. These programs con- 
tinue to exist today. Their training facilities, if not 
optimum, at least provide some established source of 
manpower, skilled or trained in certain areas, and in 
theory at least, mobile and free to accept and reject 
employment in keeping with the needs and opportun- 
ities arising out of supply and demand. This system 
has, in the large, worked to the benefit of both em- 
ployee and employer. The employee finds a certain 
dignity in his trade or profession. He can acquire 
stature, prestige, and progress within an organization 
in a recognized field of activity. The employer has 
been able to buy the services of skilled people. He 
has been able to adapt them to his particular needs 
by superimposing a limited amount of specialized 
know-how on a fundamental base of skill or knowl- 
edge. 

The Field of Instrumentation is unique in that— 

(a) There are virtually no well-established and 
universally recognized independent programs of in- 
struction in which an individual might enroll to pre- 
pare himself for work in Instrumentation. 

(b) Almost everyone active in Instrumentation to- 
day has acquired his know-how and position by ex- 
perience or through company training programs. 

There are several dangers inherent to this situa- 
tion— 

1. This method of personnel development cannot 
breed men as fast as they are required. 

2. Men trained in company-training programs are 
necessarily technically narrow and oriented only 
toward the interests of that particular company. 

3. Company-operated educational programs are 
almost invariably geared to the experiences of yes- 
terday and the needs of today. The true essence of 
education — preparation for the problems of to- 
morrow is completely lacking. 

4. The practice of evolution of instrument person- 
nel and its inherent curbs on individual freedom of 
movement constitutes technological inbreeding which 
is basically inconsistent with the imagineering which 
is so vital to successful and optimal instrument ap- 
plication and development. 

What can be done? It appears obvious that we 
should have training programs for instrument techni- 
cians in our trade schools and téchnical institutes. 
We should have a greater emphasis on Instrumenta- 
tion considerations in all the science and engineering 
curricula in our colleges. We should have specific 
opportunities for graduate students to study the basic 
theories of measurement, computation, communica- 
tion and control, with an orientation to systems analy- 
sis and synthesis. 

But before all these things can be accomplished, 
and even assuming them to eventually exist, the ISA 
looms as an important factor in meeting the challenge 
presented. The prime responsibility of the Instrument 
Society of America te its members is to assist them 
in their individual education and thus to contribute 
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to Instrumentation in general. The Society “ 
tries to meet its obligations in this regard throu: 
several activities. 











Educational activities at the national level 
covered in connection with the description of 
sibilities and activities of the National Ed 
Committee on page 39 of this issue. The local 
tions, through their regular programs and 
educational activities attempt to make available op. 
portunities to their members at times and places 
which are convenient for them. 

We cannot be satisfied that their efforts ge 
enough. The Society has a continuing responsi 
ity to— 

(a) Stimulate others to make available instructig, 
in Instrumentation at all levels. 

(b) Meet the current educational needs of its mem 
bers. 

(c) Prepare its members for the needs of tomoroy, 

(d) Educate others to the potentialities and ® 
quirements of successful Instrument Application, 

The Journal is one medium of education for [Sf 
members. The various Conferences and Sympogig 
sponsored by the Society are media of member edp 
cation. The manpower requirements of Instrumente 
tion can be met, qualitatively and quantitatively, 
through an expanded Society program of member 
education opportunities, and stimulation of outside 
agencies in their concern and attention to Instrumer 
tation considerations. 


(A complete analysis of ISA membership as of Mark 
31, 1954, for Geographical, Industrial and Occupe 
tional classifications will be found on Page 10 of this 
issue.) 









“.. The format and arrangement of the new ISA 
JOURNAL is very attractive and effective.” 
S. A. Hluchan, Instrument Development 
Engineer, : 
Oak Ridge National Laboratories : 
— SA 


“Congratulations . . . an excellent production job 
Seatile Section members . . . well impressed.” 

J. A. Berg, Electrical Engineer, 

Bethlehem Pacific Coast Steel Corp. 






— ISA— 


“It’s a beautiful looking job, and I think you — 

a lot of credit for getting it out so promptly . . . We 

call it to the attention of all our members...” 
Kenneth Anderson, Executive Secretaty, 
Scientific Apparatus Makers Asst. 


Ce ni 





Notes about the author of 
This Is My Pet Point 


Reginald James Seymour Pigott was born in Wellington, 5m 
England; received his M.E. degree from Columbia Uni 
Academic honors include Tau Beta Pi, Sigma Xi, Sigma Tau, 


His employment record includes work with Interborough 
Transit Co., N. Y. C.; New England Engine Company, Columbia) 
versity, Professor of Steam Engineering ; Remington Arms; 5 
Brass Co.; American Chain Co.; Crosby Steam Gage and Vi 
Stevens and Wood, Inc. ; Chief Engineer Gulf Research and D 
Co., Pittsburgh, 1929-1953. 


Mr. Pigott holds patents on rubber expansion joints, 8 
tripper for turbines, hydraulic variable speed transm 
and deep well pumps, oil burners, pressure gages, meters 
equipment. He is past National president of both American 
of Mechanical Engineers, and Instrument Society of America, 
1950. 
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> Boilers, Direct Fired Heaters or Stills, Rotary Kilns 








lives, prevents costly damage, reduces fire risks. 


Then check the 

extra savings possible 
with industry’s great 
new profit-builder - 


Ginnold 0. Bockman OXYGEN CONTROL! 


Where others are cutting costs, boosting profits... 


Arnold O. Beckman Oxygen Measurement on Flue gases insures greater 
savings through optimum combustion efficiency, lower fuel costs. 


> Hydrogenation, Hydrofining, Gas Compressors, Sulfur Grinding 
Arnold O. Beckman Oxygen Control in explosive atmospheres protects 


> Air Liquifraction, Production of Acetylene, Butadiene and Similar Gases 





> Resin Kettles, Color Pigments, Product Storage 





minimizes oxidation, protects product standards. 


Send For 
This Helpful Data- 


BULLETIN 103: 
Describes the Model G-2 
Beckman Oxygen Analyzer 
— the instrument to use 
where maximum accuracy 
is essential. Model G-2 
ranges are available for 
oxygen concentrations as 
low as 0-1000 parts per million — as high as 
95-100% — or virtually any other range or 
combination of ranges. Bulletin 103 describes 
the unique magnetic operating principle 
used in Model G-2 Analyzers, equipment, ac- 
cessories and typical applications. 


e 


equipment required. 





me) May 1934 


xs, 


Want more details? 


\n addition to the applications 


highlighted above, there are Name 


Arnold O. Beckman Oxygen Measurement insures higher product 
quality through minimum oxygen or air contamination. 


Arnold O. Beckman Oxygen Measurement of inert purge systems 


BULLETIN 108: 

Describes the Model F-3 
Beckman Oxygen Analyzer 
—the instrument designed 
primarily for industrial 
applications such as com- 
bustion control, catalyst 
regeneration, suljur grind- 


ing, etc., which require an oxygen measuring 
range of 0-5%, 0-10%, 0-15% or higher. Bul- 
letin 108 describes the unique magnetic oper- 
ating principle used in Model F-3 Analyzers, 
gives equipment specifications and typical 
applications for this instrument. 


BULLETIN AD607: Contains helpful charts and data on most 
efficient methods of controlling various combustion processes. 


BULLETIN AD610: Contains helpful data on Chemical Appli- 
cations, illustrates a typical installation, lists equipment required. 


BULLETIN AD611: Contains helpful data on Tunnel Kiln Ap- 
plications, shows typical installation, details equipment required. 


BULLETIN AD613: Contains helpful data on measuring O, con- 
tent of High Purity Gases, shows typical sampling system, lists 


1020 Mission St., South Pasadena 7, California 


Please send Bulletins checked below: 
[J] 103 (1108 [] 607 () 610 [) 611 [ 613 





many other processes where 
Company and Address 





0. Beckman Oxygen 
new profits, new 





savings, new Production effi- 





Write for additional 


ion, outlining your Position 





field of operation. 


CHECK THESE 
IMPORTANT 
ADVANTAGES OF 
ARNOLD O. BECKMAN 
OXYGEN ANALYZERS 


DIRECT MEASUREMENT: Operat- 
ing principle is based on unique 
paramagnetic properties of Oxy- 
gen. Arnold O. Beckman Oxygen 
Analyzers measure oxygen by 
direct physical means. No chem- 
icals are required, no saturated 
atmospheres, no “hot wires” or 
other complex devices that may 
alter the composition of the 
sample gas. 


HIGH ACCURACY: Readings are 
accurate within +1% of full 
scale for spans of 2% Os. and 
greater (e.g. .02% O: on 0-2% 
O, range). Accuracy is unaf- 
fected by ambient temperature 
variations. 


LINEAR SCALE: Calibration of 
Arnold O. Beckman Oxygen 
Analyzers is strictly linear and 
the scale is accurate over the 
entire range. 


SIMPLE SAMPLING: Only a small 
volume is necessary — 50-250 
cc. per minute. Accuracy is not 
affected by variations in flow 
rate. Samples may be dry or 
saturated. Nothing is added to 
the sample, and it may be 
returned to the process un- 
changed. Many corrosive or re- 
active gases can be analyzed. 


COMPLETELY AUTOMATIC: Sam- 
pling and measurement are con- 
tinuous and automatic, No 
attendant is necessary. 


RUGGED CONSTRUCTION: The 
unit is shock mounted to pro- 
tect it from extreme vibration 
and shock. Maintenance is neg- 
ligible—no chemicals, filaments, 
wicks, etc., to replenish—no 
orifices or glassware to clean 
and replace. 


MANY RANGES: From a few 
parts per million to 100% Os. 
Multi-range instruments are also 
available. 


Your inquiries on oxygen 
measuring and control problems 
are welcomed. Please write 
directly to our head office 
giving data on the require- 
merits of your particular 
application. 
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Geographically...Industrially...Occupationall 


Middle Atlantic States 

East North Central States 

South Atlantic States 

Pacific Coast States 

West South Central States 

East South Central States sed 

West North Central States.. < 

New England States GEOGRAPHIC DI ) 
Mountain States 8 
Canada 

Foreign ............. 

Unclassified 


TOTAL APRIL PAID CIRCULATION 


Manufacturers Other Than Instrument 3,152 
HERES aa a ee ee . ae 
Construction, Design and 
Consulting Companies ....... 

Govt. Bureaus and Agencies. . 
Service Institutions 0000000 «= DAY 
Miscellaneous 208 
Instrument Manufacturers ........................_ 2,544 
Unclassified 0... j . 


TOTAL APRIL PAID CIRCULATION... 7,508 


Executives 
Plant Operating Personnel 
Engineers 


Technicians and Chemists as : OCCUPATIONAL DIST 


Professors, Instructors, Students 
Miscellaneous 
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Want Side-Mounted Handwheels for Small Sizes? 
For Large Sizes? 





This simple, sturdy, inexpensive type, continuously connected 
side-mounted handwheel provides for manual operation of all 
Masoneilan Control Valve sizes 34" to 10” inclusive. It is made in 
three sizes to combine adequate power with compactness in each 
valve size range. 
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OPERATIONAL ADVANTAGES 

e@ Offers convenience and depeadability for emergency operation. 

e@ Provides an adjustable limit stop in either direction. 

@ Permits replacement of diaphragm without shutdown. 

e Is only convenient means for manual operation of reverse- 
diaphragm motors. 


DESIGN FEATURES 


@ Continuously connected — requires no clutching device. 





@ Bellcrank and screw construction provides ample power 
for operation uader all conditions — even against dia- 
phragm pressure. 





10000 Series @ Grease-packed radial and thrust bearings and Alemite bell- 
Valve With crank pin bearing insure ease of operation and long serv- 
No, 642 Handwheel ice life. 
@ Has simple flip-over fork lock to retain wheel when not in 
use. 


@ Provides mounting pad for auxiliary devices. 


@ Compact — Does not increase overall height of valve —adds 
only from 344" to 434" to maximum overall diameter. 


Ask our nearest office — or write — for details 
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No. 6A3 No. 6A2 No. 6Al 
Valve Sizes 6” to 10” Valve Sizes 3” and 4” Valve Sizes %” to 22” 


MASON-NEILAN REGULATOR CO. 


1212 ADAMS STREET, BOSTON 24, MASS., U.S.A. 


# or Distributors in the Following Cities: New York « Syracuse * Chicago ¢ St. Louis ¢ Tulsa * Philadelphia « Houston + Pittsburgh ¢ Atlanta 
Cincinnati + Detroit « San Francisco * Boise ¢ Louisville « Salt Lake City « El Paso * Albuquerque * Odessa « Charlotte « Los Angeles 
Christi * Denver « Appleton « Birmingham « New Orleans « Dallas * Seattle « Mason-Neilan Regulator Co., Ltd., Montreal and Toronto 
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Sample Handling Considerations 
with Continuous Infrared Analyzers 


Abstract. A discussion on some problems 
encountered with gas and liquid streams. 


6 ers proper handling of a sample 
stream is of great importance to 
the instrument user, because it may well 
be the determining factor in obtaining 
the results he requires. It is also of 
paramount importance to the manufac- 
turer, because the reputation of his in- 
strument may suffer unjustly due to 
faulty sample handling. Ideally, all in- 
struments would include a small, inex- 
pensive unit that would somehow trans- 
form any mess of tarry gravel into a 
crystal clear fluid at constant optimums 
of temperature, pressure, and flow. For 
some measurements, refractive index 
for example, this ideal sample is vir- 
tually a must. On the other hand there 
are cases, for example, temperature 
measurement, where the instrument 
may be practically independent of sam- 
pling considerations. Infrared analyzers 
occupy an intermediate position in this 
respect. 


Description of Instrument 

All infrared analyzers 
(Fig. 1) 

1. A source of radiation. Usually a 
hot wire. 

2. A detector of the radiation. This 
may be any thermal sensitive element 
as thermopile, bolometer, etc. 

3. A cell to contain the sample in the 
radiation beam (or beams). This will 
include suitable windows of calcium 
fluoride, for instance. 

4. A means of rendering the instru- 
ment discriminatory. This may be a 
prism-slit combination, band-pass filter, 
etc. In the Baird Associates Plant 
Stream Analyzer it is a cell containing 
fluid of the kind to be monitored. Addi- 
tional cells may be used for balancing 
the system and/or removing interfer- 
ence. 


comprise: 


*Development Engineer, Process Controls Divi- 
sion of Baird Associates, Inc., 11 University 
Read, Cambridge 38, Massachusetts. 


Operating Principle 

Since the optical system is symmetri- 
cal, all fluids passing through the sam- 
ple cell (both beams) will absorb equal 
amounts of energy from each beam; and 
although the temperature of both bolom- 
eters is a function of the concentrations 
of the fluids, there will be no temper- 
ature difference between them. If, how- 
ever, fluid of the kind to be monitored 
be placed in one beam (filter cell) in 
sufficient concentration (or thickness) 
to absorb all radiation of wavelengths 
unique to its molecular structure; then 
the filter-bolometer temperature be- 
comes independent of the concentration 
of this component in the sample cell. 
The compensator-bolometer tempera- 
ture, however, remains a function of 
concentration; and therefore, the differ- 
ence in temperature is the measure of 
the desired component. 


Theoretical Considerations 
The fundamental equation relating 
the variables in this system (Lambert- 
Beer law) is usually written: 
1 
——10"* et 
lo 
where 1 = intensity, final 
1. = intensity, original 
k = coefficient of absorption at 


(1) 








By GLENN E. SMitp 


wavelength lambda 
c = concentration, ML* 
t = sample cell thickness 


For our present purpose, we may simpy 
indicate that the signal (S) is som 
funtion (K) of the product of the op 
centration times the thickness, Thus; 

S = (K) et. (2) 
Although (K) is a complex funetin, 
within the narrow limits we will diseus, 
it may be considered linear. 


The equation implies that the instr | 


ment is sensitive to the temperature 
all fluids, since a change in temperatur 
results in a density change and this ha 
the same dimensions (ML*~) as the op 
centration. The equation also implia 
pressure sensitivity (for gases) for th 
same reason. 

The temperature effect for liquids 
a function of the coefficient of cubical 
expansion. The most unfavorable caw 
would be for a liquid having a very hig 
coefficient such as ether (0.002 C.). Thi 
would be 0.2 per cent scale deflection pa 
degree. For control to +1.0 per af 
scale deflection, temperature contra d 
sample to +5.0 C. is required. Fora 
parison, the most favorable case wolll 
be water with a coefficient of 0.0002 
quiring control of only +50 C. 


(Continued to Page 28) 
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Fig. 1. Optical System of Continuous Infrared Analyzer 
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Abstract. Part I of this paper discusses 
the theory of mechanical dissociation of 
water molecules during flow and the 
changes in the physical properties of water 
which would be expected from such dis- 
sociation. Earlier measurements on the 
physical properties of water under flow are 


Part II is a detailed study of the avail- 
able methods of measurement of dielectric 
constant with regard to their advantages 
and special fields of application and a short 
description of the experimental set-up for 
the present work. 

An experimental determination of the di- 
electric constant of water turbulent flow 
and an extensive bibliography are also in- 
cluded. 


or fifteen years the Illinois State 

Water Survey Division and the 
Division of Physical Chemistry of the 
University of Illinois have carried on 
a cooperative research program con- 
cerning the basic properties and struc- 
ture of water. Upon the recent comple- 
tion of a hydraulic research laboratory 
by the Water Survey, efforts were made 
to apply the basic knowledge gained 
from this research to the field of fluid 
flow. As a result of these efforts, this 
paper concerns: a hypothesis on the 
mechanism of flow of water proposed by 
Rodebush;" use of the dielectric con- 
stant of a fluid in motion to study the 
hypothesis; and a detailed discussion of 
methods available for the measurement 
of the dielectric constant. 


In order to apply hydrodynamic 
theory, it must be restricted to a par- 
ticular fluid of specified viscosity and 
density, The methods of determining 
Viscosity are well known to hydraulic 
engineers, as is the means of using the 
data thus procured; but the actual mech- 
anism involved for low viscosity liquids 
is still unknown. The following discus- 
sion concerns a hypothesis on the mole- 
cular mechanism involved. 


“E. 8. D., DuPont Company, Baltimore, 


onttent, University of Illinois, Urbana, 


‘Superior numbers refer to similarly num- 
bered references in the Bibliography at the 
tad of the paper. 


By R. E. ROBERTS** AND S. SESHU** 


Mechanical Dissociation of Fluids and 


Dielectric Constant Measurement 





PART I 
Hypothesis 

Fluids can be subdivided into three 
main groups—gases and vapors, non- 
associated liquids, and associated liquids. 
A non-associated liquid is one which 
possesses only minor molecular attrac- 
tive forces, while an associated liquid is 
one which possesses large molecular at- 
tractive forces. Rodebush™ proposes the 
following hypothesis for associated 
liquids: 

“If this displacement or transfer of bonds 
can take place one at a time—by what may 
be described as a zipper action, the forces 
required are small, but the action is slow. 
If a rapid displacement and transfer of a 
series of hydrogen bonds is to occur, then 
very great stresses must be applied so that 
a simultaneous breaking of bonds is possi- 
ble. 

This sharp distinction between laminar 
and turbulent flow may be described in 
terms of transfer of hydrogen bonds. As 
long as the dissociation is simply a transfer 
corresponding to the normal rate as given 
by the kinetic theory and the process may 
be described as adiabatic, there is little 
heat envolved. When the process becomes 
violent, we have a rupture of bonds rather 
than transfer, the water behaves as a rigid 
substance, a great deal of heat is produced 
and a characteristic turbulence results.’’ 


One can easily picture the rigid mole- 
cular structure of ice, but to imagine 
a liquid such as water having a mole- 
cular structure is rather difficult. Fig. 1 
is a photograph of a model of the mole- 
cular structure of water. 

When ice is cut with a sharp edge, the 
bonding forces holding the ice molecules 
together, directly below the knife, are 
actually sheared. Yet, what happens to 
the molecular structure when a knife 
cuts through water is not known. Since 
it is fairly evident that the molecules 
themselves remain intact, the only part 
that can change must be the molecular 
bonding forces. 

For laminar flow in an associated 
liquid, the momentum must be trans- 
mitted by these bonding forces. The hy- 
drogen bond which makes up the largest 
portion of the molecular force in asso- 
ciated liquids transfers 10° times per 
second. A transfer of a molecule can be 
described as a process of association and 
dissociation with another molecule. 
Upon application of a pressure gradi- 
ent, a bias between the energy levels is 
created and flow results. Rodebush 
makes use of the analogous case of the 


electrical field to show that the rate of 
transfer will be proportional to the 
pressure gradient. 





Fig. 1. Model of the Molecular Structure of 
Water; a pentagonal duodecahedron. 


As long as the pressure gradient is 
small, momentum can be transferred by 
a zipper (association and dissociation) 
action of the molecular bonding forces. 
At the critical Reynolds number, the 
zipper action can no longer carry the 
load; and the fluid must find some other 
transferring mechanism. It is hypothe- 
sized above that, for turbulence, some 
of the bonding forces are actually 
sheared due to the excessive amount of 
stress. As the degree of turbulence in- 
creases, this excess increases and the 
number of bonds that are mechanically 
dissociated increase. 


Rodebush states, “It should be very 
informative to measure the rate of flow 
of ice and water under conditions of 
carefully controlled stress.” This would, 
of course, be an interesting measure- 
ment at the critical Reynolds number 
in the light of the foregoing hypothesis. 

As stated previously, the hydrogen 
bond transfers 10” times per second. 
This means the degree of association be- 
tween molecules will, therefore, vary. 
Failure of one bond increases the load 
on other nearby bonds. If the associa- 
tion of surrounding molecules is low, 
these bonds will in turn be sheared. 
This, of course, will start a chain re- 
action, depending upon the stress being 
applied and the degree of association 
of surrounding molecules. Other stress 
concentrations will cause new chain re- 


{Presented at the Instrument Society of America Eighth National Instrument Conference and Exhibit held in Chicago, Ill., Sept. 21-25, 1953. 
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actions whose paths will be entirely dif- 
ferent because of the continual change 
in the degree of asscciation between 
molecules. 

Each propogation produced will cre- 
ate, for an infinitesimally small time, 
liquid particles surrounded by bound- 
aries of sheared bonds. Within these 
particles the zipper action of momentum 
transfer still takes place. Shape of the 
particles will not be constant; there- 
fore, the momentum of different par- 
ticles at a given instant will not be 
constant. Due to the pressure gradient 
being applied, flow in the direction of 
dec. 2asing pressure takes place within 
these particles. Obviously, roughness 
continually creates stress concentrations 
and is an important fac’ »r in turbulent 
flow. 


Hypothesis Versus Non- Associated 
Liquids and Gases 

For an associated liquid, where the 
molecular attraction forces are large, 
the hypothesis seems reasonable. How- 
ever, when one considers the fact that 
non-associated liquids (liquids with very 
small molecular attraction forces) and 
gases have approximately the same 
critical Reynolds number as an asso- 
ciated liquid, the hypothesis appears 
weak. The reason for this is not known, 
and it is not the desire of the authors 
to theorize upon this point. However, 
it is interesting to note that all fluids 
possess a certain amount of molecular 
attraction between molecules and that 
it takes less energy to produce turbu- 
lence in a gas than in a liquid. 

It should be re-emphasized that the 
theory of viscosity of liquids is incom- 
plete. Some of the important parameters 
of viscosities of liquids become rather 
insignificant for a gas. This becomes 
even more apparent when one considers 
the fact that the viscosity of a gas in- 
creases with an increase in tempera- 
ture; while for a liquid, the viscosity de- 
creases with an increase in temperature. 


Methods of Possible Verification 
Of Hypothesis 

If an associated liquid has a number 
of hydrogen bonds sheared in turbulent 
flow; then by their definitions, the fol- 
lowing physical properties of the liquid 
might show a change, the magnitude of 
the change being dependent upon the 
number of bonds that are sheared. 

1) Infrared absorption or reflection 
should shift from 3 toward 2.67. 

2) Vapor pressure should be lowered. 

8) Latent heat should be lowered. 


4) Transference number _ should 
change. 

5) Hydration of electrolytes should 
change. 


6) Conductivity should decrease. 

7) Dielectric constant should change. 

By considering methods available to 
measure these properties during flow, 
it was decided that measurement of the 
dielectric constant would give the great- 
est sensitivity and accuracy. 

Two papers by Singh & Singh*” 
showed a small change in the diclectric 
constant of xylene, toloul, benzene, and 
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carbon tetrachloride in laminar flow. 
The change in the dielectric constant of 
carbon tetrachloride due to flow, as 
measured by the Singhs, is given in 
Fig. 2. 
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Dielectric Constant Decreose x 107* 
ro) 
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Height of Liquid Column cm. 
Fig. 2. Change of Dielectric Constant with 
Flow: Data for Carbon Tetrachloride, havy- 


ing dielectric constant of 2.23. 


From the foregoing hypothesis, a dis- 
turbance in the liquid, however small, 
should cause a change in the dielectric 
constant. The above-mentioned measure- 
ments seem to concur with this. 

Several other papers” gave data on 
the effect of laminar flow on the dielec- 
tric constant of anisotropic liquids 
(those displaying different properties 
when examined from different direc- 
tions). These are of no interest for pos- 
sible verification of the previously stated 
hypothesis. However, it is interesting to 
note that it may be possible to measure 
the degree of turbulence in an aniso- 
tropic liquid and study the stress as 
involved at the critical point trough 
measurement of the change in the di- 
electric constant of an anisotropic liquid. 

To verify the foregoing hypothesis, 
a project for the measurement of the 
dielectric constant of water in laminar 
and turbulent flow was undertaken at 
the Hydraulic Research Laboratory of 
the Illinois State Water Survey. The 
second part of this paper discusses the 
possible methods of measuring the di- 
electric constant, describes the set-up 
used for the above project and gives the 
data obtained. An extensive bibliogra- 
phy on the measurement of the dielectric 
constant is included. 


PART II 


Measurement of dielectric constant 
has attracted workers from all over the 
world, especially towards the close of 
the last century. The purpose of this 
paper is to review the electrical methods 
of measurement as contrasted with the 
purely optical methods. Necessarily, the 
basic ideas are mostly derived from op- 
tics. The range of frequencies of inter- 
est here is the one below 10,000 Mc/s. 
In this frequency range one might dis- 
tinguish between the methods utilizing 
direct current and those utilizing alter- 
nating current. 











Alternating Current Measurements 
(A) Velocity of Propogation: 

One of the earliest measy 
utilizing alternating current was : 
by Aarons and Rubens.’ They worked in 
the region of 34 cms. to 230 ems, Lecher 
wires were used to measure the wave. 
length of a high frequency wave in aiy 
and in the dielectric under investigation, 


Here 
No ® 
‘= _—— 
r 


where e is the dielectric constant bej 
measured, \ is the wavelength in the 
dielectric and \. is the wavelength jp 
vacuo. Obviously this method is best 
suited for liquid dielectrics. The same 
method was also used by Cohn 
Drude” showed how the same method 
could also be used for solids by meagy. 
ing the wavelengths before and afte 
the introduction of a solid dise of th 
material in the lecher wire system, 
These methods have become known a 
Drude’s first (the one used by Aarons 
and Rubens) and second (the one using 
solid discs) methods. Drude’s methods 
were very popular with a number @ 
earlier workers in the field’**” Noy. 
silzew* improved Drude’s first method 
by using undamped waves and by using 
sensitive thermocouple indicating instre 
ments. F 
Drude’s methods are very useful whe 
one is interested in the ultra-high fre 
quency properties of dielectrics; andia 
fact, most of the present day methods 
employed in the ultra-high frequency 
range are essentially Drude’s methods, 
Necessarily, these methods are 
stricted to this frequency range; sine 
the physical size of the lecher system 
becomes cumbersome at lower frequek 
cies. , 
(B) Resonance Method: 


The resonance method has perhaps 
been the most popular one in the pat 
two decades. It was first used ¥ 
Thwing, as early as 1894, at the sugge 
tion of Professor Hertz.” Although the 
principle is capable of application toay 
frequency, the method is best suited i 
the frequency range of 500 ke/s 0® 
mc/s. Again, although absolute mei 
urements are obtainable, it is bet 
adapted for relative measurement @ 
dielectric constant. And it is es 
useful when the dielectric is mod ; 
conducting. In fact, one of the maid 
advantages of the resonance me b 
that the measurement of die 
stant can be made completely in . 
ent of conductivity. a 
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The principle of the method is vey 
simple. A test condenser is con ol 
parallel with a standard condenser 
a coil. The coil is coupled to an oscil 
working in the frequency range 
terest. The standard condenser is Wa 
for resonance es 

(1) with the test condenser dis® 
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nected and j sl 
(2) with the test condenser filled | have { 
turn with (a) air, (b) @ single 
ardizing liquid or solid dielem™® metho 
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und (c) the dielectric under in- 
vestigation. 

the first three measurements, the 

le air capacitance is obtained 

and from the fourth, the dielectric con- 

4 The standard condenser may be 

tuned for voltage resonance or for cur- 

rent resonance. In either case, one may 

measurements independent of 

conductivity. This has been demon- 

gall others, by Astin,* Jez- 
ewski”" and Kniekamp.” 

Detailed discussions of the resonance 

method may be found in the articles by 
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in the | pavies* and Hartshorn and Ward.” 
eth it | Davies has shown that the method is 
8 best. capable of 0.1 per cent accuracy. How- 
e Salle ever, the accuracy falls off a little when 
the conductivity increases. Resonance 
method | method has also been used at ultra-high 
east | frequencies by Borgnis’ and Wyman.” 
1 after An advantage of the resonance 
of the | method is that the equipment (with the 
system. | exception of the test condenser) is avail- 
WN 8 | shle commercially. Measurements are 
Aarons  isken very quickly, since there is only 
¢ USING | one adjustment to be made. Hence, the 
|} resonance method is capable of being 
iber of | used for production line tests and, by 


proper choice of the test cell, for flow 
line tests. One of the difficulties ex- 
perienced by the early workers in the 
field was the drag loop effect or change 
in oscillator frequency due to change in 
reactance of the load; but this can be 
very easily checked and eliminated and, 
in fact, need not be present with the 
present day oscillators. 

Zahn* introduced a method which he 
calls the method of damping. Actually, 
it is essentially the same as the reso- 
nance method above. Zahn corrected for 
the conductivity of the dielectric by 
drawing the resonance curve and hence 
obtaining the damping factor. 


(C) The Bridge Method: 


One of the most popular methods of 
;| all times is the bridge method at audio 
} % radio frequencies. The audio fre- 
'y quency bridge has been used for a long 
- Nernst“ was the first to use the 
tadio frequency bridge for dielectric 
constant measurement. The method has 
known as the Nernst Bridge 

7 Method. Joachim™ was the first to use 
dé continuous waves and extend the use 

} ofthe bridge to higher frequencies. 

The bridge is perhaps the most accu- 
ip | "temethod known for impedance meas- 
| “ements. In fact, when absolute values 

; | Mt of interest, this is the best method 
» Hartshorn and Oliver” have 
>| Wed the bridge at audio frequencies to 

| S¥e an accuracy of 2 parts in 10,000 in 
edit} ™ absolute measurement of dielectric 

constant. “¢ en disadvantages of the 

j are: the number of precau- 
tions ee to be observed in order 

erate accuracy; (2) when 
moderately conducting liquid is to be 
commercial equipment is not 

heed useful and special bridges have to 
eer engage (3) two adjustments 
to be made as contrasted with a 
adjustment in the resonance 

M one is interested in mak- 
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ing a large number of measurements as 
in a production line or when the time 
available for measurement is short, such 
considerations become very important. 


(D) Heterodyne Method: 


The heterodyne, beat or superposition 
method, as it is variously known, is an- 
other very popular one in dielectric con- 
stant measurements. Here the test con- 
denser is made part of the tank circuit 
of an oscillator, and the output of the 
oscillator is compared with a source of 
standard frequency. Very often, to avoid 
oscillator pulling, the radio frequency 
oscillators—standard and test oscilla- 
tors—are operated at frequencies differ- 
ing by one or two kilocycles; and the 
beat frequency between the two oscilla- 
tors is compared with a second standard 
at audio frequencies. The heterodyne 
method was first used for dielectric con- 
stant measurements by Preuner and 
Pungs.” 

The heterodyne method is most useful 
for detecting and measuring changes in 
capacitance and hence in dielectric con- 
stant of a very small order of magni- 
tude. Sing and Sing™ used it for this 
purpose. The accuracy of the method is 
almost unlimited in this application. 
The heterodyne method is very useful 
for measurement of dielectric constants 
which are very nearly equal to unity, as 
in the case of gases.” Naturally, the 
precautions necessary—shielding, isola- 
tion of oscillators etc.,—increase in pro- 
portion. Further details may be found 
in the paper by Penther and Pompeo.” 

Heterodyne method may also be em- 
ployed for absolute measurement.” It is 
capable, by using frequency deviation 
meters, of being used for instantaneous 
reading or continuous recording. Only 
part of the equipment necessary for this 
purpose is available commercially. 


Direct Current Methods 
(A) Attraction Between Plates: 


One of the earliest electrostatic meth- 
ods was based on the forces of attraction 
between two plates of a condenser (with 
air and a dielectric, in turn, between 
the plates) when a difference of poten- 
tial is applied between the plates.” The 
magnitudes of the forces are propor- 
tional to the relative dielectric constants 
of the dielectric media. This method 
gives satisfactory results but is not very 
convenient. 


A modification of the above was de- 
veloped by Fuerth.*™* He measured the 
torque on a small conducting body sus- 
pended between the plates of a con- 
denser. Fuerth gave this body the shape 
of an ellipsoid of rotation. 


(B) Measurement of Charge: 


Oplatka” went back to the time hon- 
ored method of measuring capacitances 
by charging a condenser to a known di- 
rect voltage and discharging it through 
a ballistic galvanometer. By using two 
triodes, he obtained a_ controllable 
charge and discharge rate and thus was 
able to study the non-linear dielectric 
constants of semi-conductors. 





(C) Electrometer: 


Another method useful for measure- 
ment of dielectric constants of conduct- 
ing electrolytes is the static balance 
electrometer method devised by Car- 
man*® for which an accuracy of 2 per 
cent is claimed. The experimental ar- 
rangement is too elaborate to be de- 
scribed here, and the details may be 
found in the papers referred to. 

(D) Capillary Rise: 

Greinacher™ used the capillary rise of 
fluid between two plates before and 
after the application of a direct differ- 
ence of potential between the plates. 


Commercial Instruments 


Several commercial instruments have 
also been developed for production line 
tests. One of these has been described 
by Alexander.’ Here the test condenser 
is in the anode circuit of a crystal oscil- 
lator, and an electron ray tube indica- 
tion is provided. The tube is set to oper- 
ate at the steepest portion of the anode 
current dip. Another commercial instru- 
ment, working on the heterodyne prin- 
ciple, has been described by Jupe.™ 





Fig. 3. Photograph of Test Condenser. 


APPENDIX 


An experimental investigation was 
undertaken to determine whether a sig- 
nificant change in the dielectric constant 
of water occurs at turbulence, as would 
be expected from the hypothesis of me- 
chanical dissociation. 

The test cell was of the circular paral- 
lel plate type with the water flowing 
axially. Water from a pressurized cylin- 
der was admitted through four tubes 
along the outer edge and withdrawn by 
a tube at the center. To reduce errors 
due to variation of velocity, one of the 
plates of the condenser was an annular 
ring, 0.5 in. wide and 1.5 in. inside 
radius embedded in a sheet of polysty- 
rene. The spacing between the plates 
was 3/16 inch. The method used was the 
resonance method, described above, with 
voltage tuning at a frequency of 2.5 
Mc/s. The replaceable air capacitance 
was calculated, using double distilled 
water as standard, to be 13.7 mmfd. The 
stray capacitance was found to be 12.5 
mmfd. Single distilled water was used 
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for the test. The cell was designed for 


test at positive turbulence or Reynold’s 
number of 6000. It was later decided to 
take measurements at higher rates of 
flow. Hence, it was found necessary to 
reinforce the cell. The pressure at the 
outlet was measured, and the hydro- 
static pressure inside was calculated. 
Next, this pressure was applied as static 
pressure and the capacitance measured. 
This value is listed in the data as static 
capacitance. The rate of flow of water 
was measured by weighing the water at 
the outlet and timing the run. 

The results show that the change in 
dielectric constant, if any, due to flow 
was within the limits of experimental 
error of one per cent. 
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Wilfred A. Yates 


Abstract. An instrument for calibrating 
vibration pickups to an accuracy of 5 per 
cent over a frequency range of 10 to 20,000 

per second is described. Four full- 
sale ranges from 10 microinches to 0.01 
inch peak amplitude are provided. Stand- 
ardization of the instrument against a cali- 
brated displacement assures the mainten- 
ance of the specified accuracy. 


HE use of vibration pickups has 

been increasing at a rapid rate un- 
der the impetus of new developments 
in piezoelectricity. Serious calibra- 
tion problems have consequently arisen 
as increased numbers of pickups are 
put to use and as vibration measure- 
ments are extended to include the 
higher frequency components of vi- 
bration, especially where the _ self- 
resonances of the pickups complicate 
the analysis problem. Many of the cali- 
bration techniques now in use * * * are 
limited in bandwidth, are difficult to 
standardize, or may require tedious 
point-by-point measurements. Conse- 
quently, they involve a considerable 
problem in data reduction. The instru- 
ment described in this article was de- 
signed to meet the need for more rapid 
and reliable means of calibration over 
wide ranges of amplitude and fre- 
quency. 

The engineered instrument consists 
of the transducer in the form of a 
probe and an encased chassis which 
contains the electronic circuitry and 
to which the probe attaches by means 
of cable (Fig. 1). It provides direct 
meter indication of the peak ampli- 
tude of vibration of a surface such as 
that of a vibration generator, upon 
Which the pickups to be calibrated are 
mounted. The amplitude range ex- 
tends from 0.01 inch down into the 
Microinch region with an accuracy of 
5 per cent of full scale. Full-scale 
ranges of 0.01, 0.001, 0.0001 inch are 
Provided with a bandwidth of 10 to 

cycles per second. An additional 
fange of 10 microinches has a flat fre- 
quency response from 60 to 10,000 
¢yeles per second. Expressed in units 
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A Calibrator 


for Vibration Pick-ups 


By WILFRED A. YATES and MARTIN DAVIDSON* 


of the acceleration due to gravity, a 
range of approximately 2 x 10“ to 4 
x 10° g is encompassed. The extension 
of the capability of the instrument to 
make measurements at the higher ac- 
celerations is gratuitous in that it is 
a function of the bandwidth over which 
it is required to make measurements 
at lower levels of vibration. In ad- 
dition to the direct meter indication of 
vibration amplitude, the displacement 
waveform of the vibrating surface can 
be studied by connecting an oscillo- 
scope to the terminals provided. Main- 
tenance of the specified accuracy is 
assured by means of a direct stand- 
ardization process if a dial yage or 
other precision displacement measur- 
ing device is used. The stability of the 
instrument is such that standardiza- 
tion is required only infrequently. 
Method of Measurement 

The method of measurement is il- 
lustrated in the simplified block dia- 
gram of Fig. 2. A stable non-contact- 
ing displacement-type transducer, 
which produces a voltage proportional 
to the probe-to-surface separation, is 
the basic element of the instrument. 
Vibration of the surface, with respect 
to the probe, results in an a-c compo- 
nent of output voltage that is propor- 
tional to the amplitude of vibration. 
In the normal use of the instrument, 
with the chopper switch as shown in 
Fig 2, the a-c component is read by 
means of a stable vacuum-tube volt- 
meter which, therefore. produces a 


2am. 4. Viuruesom Canorator with auxiliary vibration generator. 


Martin Davidson 


reading proportional to the amplitude 
of vibration. 
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Fig. 2. Simplified Block Diagram of Basic 


System used in Vibration Calibrator. 


The instrument is standardized by 
chopping the d-c voltage increment 
produced by a prescribed mechauically 
measured displacement change, in this 
case 0.02 inch, into a square wave. The 
square wave, which is equivalent to an 
0.01-inch peak amplitude of vibration, 
is then fed into the a-c peak-to-peak 
voltmeter on the 0.0l-inch range. The 
sensitivity of the voltmeter is then ad- 
justed to obtain a full-scale reading, 
whereupon the instrument is standard- 
ized. Fundamentally, then, the vibra- 
tion calibrator provides a direct com- 
parison between indicated peak ampli- 
tudes of vibration and an actual 0.02- 
inch displacement. The choice of a dis- 
placement as an absolute standard for 
the instrument was made primarily be- 
cause of the ease with which it can be 
reproduced without special equipment. 


The use of a non-contacting displace- 
ment transducer in this application 
presents both advantages and prob- 
lems. The principal difficulty encount- 
ered is that of mounting the probe; 
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since the mour:i itself must be free of 
ambient vibrations, if the readings of 
the instrument are to be meaningful 
at low amplitudes. This requirement 
can be met by using sturdy and rigid 
brackets for mounting the probe. The 
advantage of this type of pickup is 
that it introduces practically no load- 
ing on the vibration generator. There- 
fore, the generator can be designed 
solely on the basis of the loading im- 
posed by the pickups to be calibrated. 
This should result in significant sav- 
ings in equipment for high-frequency 
calibration, especially since small amp- 
plitudes are sufficient for the vibra- 
tion calibrator measurement. 


The requirements for the sensitivity 
of the transducer may be specified in 
terms of stability, linearity, band- 
width, and noise level. The necessity 
for stable sensitivity is obvious if fre- 
quent restandardization is to be 
avoided. Linearity refers to the con- 
stancy of the sensitivity with respect 
to displacement from the surface. 
Since, in normal use, this distance is 
not mechanically monitored, the de- 
sign of the instrument must be such 
that measurement accuracy is not im- 
paired by small variations in the in- 
nitial setting. Additionally, the sensi- 
tivity of the transducer should not 
vary with the frequency of vibration 
over its range of use. Though this 
requirement is perhaps more easily 
met with the displacement type than 
with velocity or acceleration pickups, 
it is difficult to satisfy with simple 
compensating circuitry. Finally, the 
noise level, which determines the ulti- 
mate sensitivity of the transducer, 
must be low enough so that minute vi- 
bration amplitudes can be measured. 
In this case, the growing interest in 
fatigue breakdown problems at high 
frequencies with the attendant very low 
amplitudes of vibration dictates the 
lower limits of measurement. 


The a-c vacuum-tube voltmeter must 
meet requirements of stability and 
bandwith equivalent to those of the 
transducer. In addition, two more 
points are worthy of mention. The 
first concerns the _ standardization 
waveform. Because the duty cycle of 
the 60-cycle chopper is not controlled 
accurately, the only a-c amplitude 
measurement of significance is the 
peak-to-peak voltage. Therefore, a 
peak-to-peak voltmeter, calibrated in 
terms of single peak amplitude, is 
used. Secondly, only a single ampli- 
tude range is standardized; the more 
sensitive ranges are obtained by volt- 
age dividers. For this reason, close 
attention to the decade stability of 
the voltmeter amplifier section is re- 
quired. , 


Circuit Operation 


The basic operation of the displace- 
ment tranducer is illustrated in Fig. 3. 


i8 


This design is based on a mutual-in- 
ductance type developed by M. L. 
Greenough of this laboratory for use 
in other instruments *. The transducer 
consists of a carrier-excited air-core 
transformer and detector. Coupling be- 
tween the primary and _ secondary 
windings, and therefore the amplitude 
of the detected secondary voltage, 
varies with the distance between the 
plane of the windings and the surface 
of a non-magnetic metal plate, as a re- 
sult of eddy currents induced in the 
plate. With suitable coil configurations 
and over a limited range of separation, 
the relationship between d-c output 
voltage and displacement is a fairly 
linear one as is shown by the transfer 
curve, Fig. 4. Fig. 5 illustrates the 
transducer sensitivity curve wherein 
the slope of the transfer curve is 
plotted against displacement. The 
operate point marked on this curve is 
selected on the basis that the average 
sensitivity for the 0.01-inch maximum 
amplitude of vibration and smaller 
amplitude excursions from this point 
be equal. 
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Fig. 3. Basic Mutual-Inductance Trans- 
ducer. 
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Transducer Sensitivity Character- 
istic. 


Fig. 5. 


To obtain the necessary transducer 
sensitivity, the primary winding of 
the transducer requires about 1.8 am- 
peres rms at 2.5 megacycles for exci- 
tation. This current is obtained with- 
out excessive power consumption by 
employing the circulating current of a 
high Q tank -ircuit generated by oscil- 
lator tube VI (see Fig. 6). The tank 
circuit consists of the series connection 





. Transducer Transfer Characteristic. 








of the transducer primary winding ang 
inductance L3 paralleled by Capacitor 
C5. In referring to the schematic dia. 
gram, the transducer primary wingj 
connects to the A-N connector, 

the probe detector output connects ty 
the microphone connector. 





The transducer sensitivity is a may). 
mum for non-ferrous metallic surfaces 
of high conductivity which are at least 
7/8 of an inch in diameter. For this 
reason, the choice of test surfaces jg 
restricted to suitable thicknesses ¢ 
such metals as copper, aluminum, anj 
brass, or to platings of these metals 
on inferior materials. 


To meet stability requirements, it jg 
necessary to regulate the frequency. 
current product in the probe primary, 
This is done by means of the regulg. 
tion loop consisting of L3, L4, V2, yg 
V4, and the screen supply of the 61g 
oscillator, V1. The regulation loop has 
internal d-c positive feedback provided 
by R8. It has a d-c open loop gain of 
about 80. To protect against loop ose}. 
lation, the frequency response is rm 
stricted to half gain at 80 cycles pe 
second by means of the negative feed. 
back introduced by condenser C10, 


While the regulation loop affords 
some improvement in the transducer 
noise level, it is necessary to take 
several steps to obtain a low enough 
noise level. It is necessary to shock 
mount the subchassis containing the 
exciter and regulator circuits and t 
choose the oscillator tube type with 
some care. With the present design, 
the lower limit of vibration amplitude 
measurement is set by white noise in 
the oscillator tube which produces 4 
reading of 0.4 microinch on the % 
bration meter. 





Because the transducer itself has 1 
moving parts, there are no mechanical 
bandwidth problems to consider. From 
the electrical standpoint, it has beet 
culeulated that no errors larger that 
2 per cent are produced in a vibratia 
frequency band extending from mm 
to several hundred kilocycles, which# 
far beyond the bandwidth of the ® 
maining circuitry. 

The initial spacing between surfatt 
and probe is normally set by means of 
a displacement meter provided with 
markings for that purpose. This melt 
measures the d-c component of the 
voltage output from the probe and #® 
sures reproducable displacement 9 
tings. When vibration amplitudes a 
being read, however, this meter is ® 
moved from the circuit to prevent 
bration-induced meter coil motions fr 
producing spurious signals at the W 
uum-tube voltmeter input. The di 
ment meter scale also carries 
used in the standardization process. 


To standardize the instrument, 
probe spacing is adjusted until the 
placement meter reads on the 
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mark. The calibrate zero control R16 is 
then adjusted to buck-out the voltage 
on the other contact (pin 2) of the 
chopper relay upon which ihe probe 
secondary voltage is impressed. Buck- 
out is evidenced by a zero vibration 
meter reading. The probe is then ad- 
vanced toward the surface by the 
standard 0.02-inch displacement. The 
resulting voltage difference between 
the two contacts corresponds exactly 
to the standard displacement and per- 
mits adjustment of vacuum-tube volt- 
meter gain to a standard square wave 
of equivalent vibration amplitude. 
main amplifier in the vacuum- 
tube voltmeter, V7 to V10, is of con- 
ventional design. The over-all band- 
width of the instrument is restricted, 
48 shown in the solid curve of Fig. 7. 
The amplifier is stabilized to a gain of 
about one thousand by 30 db of inverse 
k. The decade-range steps are 
obtained by precision dividers, R18 to 
R20. The most sensitive decade range 
is obtained by switching in the pre- 
amplifier, V5 and V6, which has a 
gain of 10. The bandwidth 
is restricted by the pre-ampli- 
fier, as shown by the dotted line of Fig. 
80 as to decrease the noise bandwidth 
order to obtain lower minimum vi- 
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Fig. 6. Vibration Calibrator Schematic. 
NOTES: 


1. Resistors are 10%, Uni 
% watt anes 
2. Condensers are 10 “ z Otherwise 
300 W. V Motes 


3. Li: 68 turns No. 27 formex covered wire, 
close wound on 1” diameter form 
L2: 14 turns No. 27F wire, close-wound 
over B+ end of Li, separated by 3 
layers cambric insulation 
L3: 9 turns No. 18 wire, uniformly wound 
0.9” long on 1.25” diameter form 
L4: 9 turns No. 24 stranded C. C. 
wound between turns of L3 
4. Exact value of R29 chosen to give pre- 
amplifier a gain of 10 + 1 percent refer 
to section 2-2f. 


wire 


bration readings. The coupling element 
time constants of the amplifier, which 
passes the 60 cycle standardizing 
square-wave, are not large enough to 
prevent low-frequency distortion and a 
consequent standardization error. To 
compensate for this source of error 
and other small errors, the resistor 
R68, while decreasing the amplifier 
gain by 5 per cent during standardi- 
zation, is provided to equalize the sine 
and square-wave responses. 

The vibration meter is driven by the 
peak-to peak detector, VII. The initial 
thermal emission current of the de- 
tector is cancelled by means of the 
diode, V12. The peak-to-peak detector 
itself is driven by the low-impedance 
source provided by the cathode follow- 


er, V10. Bypass condenser C25 pre- 
vents any residual 2.5-megacycle car- 
rier voltage from influencing the out- 
put indication. The gain of the entire 
vacuum-tube voltmeter system is ad- 
justed with the variable meter shunt, 
R52, over a range of two to one. 

When it is desired to view the vi- 
bratory wave form in order to check 
distortion or determine frequency, an 
oscilloscope may be connected to the 
binding post terminals provided at a 
low-impedance point for that purpose. 

To improve the stability of the over- 
all instrument with respect to varia- 
tions in line voltage, regulated volt- 
age supplies are provided at most 
points. They are, however, of conven- 
tional design and need not be discussed 
here. 


Test Results 


At the time of this writing, two vi- 
bration calibrators were built and 
tested. Both performed in accordance 
with theoretical calculations within the 
scope of the test program. 

It would obviously be desirable to 
check the readings on the calibrator 
against those obtained with other less 
convenient but more accurate methods 


for comparison. This has been done 
(Continued to Page 27) 
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Abstract. The device herein described was 
developed in an effort to produce an auto- 
matically registering substitute for manual 
graphic analysis of electroencephalographic 
(EEG) phare and amplitude differences be- 
tween simultaneous wave patterns. Graphic 
display of phase relations and of difference 
in magnitudes of in-phase waves from dif- 
ferent parts of the head becomes possible 
if we compare, at one time only, the posi- 
tive or the negative halves of the wave pat- 
terns. The same result is accomplished auto- 
matically by the use of electronic valves to 
pass, for comparison, either the negative or 
the position portion of the electrical deflec- 
tions. 


Relation of Brain Patterns in 
Different Areas 


¢ k-- most prominent feature of the 
electroencephalogram (EEG) in 
normal individuals is a rhythmic pat- 
tern of 5 to 50 microvolts having a 
frequency of eight to twelve per sec- 
ond (the alpha band). These waves 
which are roughly sinusoidal, tend, in 
different brain areas, to vary relative to 
one another in frequency, phase and 
amplitude. One of the more noteworthy 
variations of this kind frequently oc- 
curs between waves in the anterior and 
those in the posterior portions of the 
head. 


For the purpose of demonstrating 
these changes, we have often used the 
method of drawing ordinates through 
the valleys (or peaks) of waves re- 
corded from one area and noting where 
these ordinates cut the corresponding 
waves of other areas’, *. The drawing of 
such ordinates is painstaking, time con- 
suming, and subject to human error; 
it is, therefore, understandable that an 
automatic device* to accomplish the 
same end would be greatly welcome. 
Method’, ‘, *, ’, ° 

Just as the relative magnitudes of 
simultaneous waves or out-of-phase re- 
lationships become demonstrable by 


graph if we consider only the negative 
or the positive halves of the EEG pat- 
tern; so in an automatic device, one 
half of the wave pattern may be elimi- 
nated to facilitate comparison. Both 
halves may, of course, be simultane- 
ously (but independently) analyzed. Rec- 
tifiers are used to eliminate half of the 
wave pattern, as shown by the ar- 
rangement for two channels in the 
block diagram of Fig. 1. From each 
channel, A and B, to be compared, an 
attenuated fraction of the current is 
passed to the rectifiers. The positive 
(or negative) half of the activity of 
channel A is then amplified and fed to 
grids 1 and 2 of a push pull power 
amplifier and a pen recorder. Similarly, 
half of the activity of channel B, like- 
wise amplified, is fed in the reverse 
order to grids 2 and 1. If the two am- 
plified half waves are equal and in 
phase, they cancel. If the activity in A 
is larger than in B, half wave A will 
be larger than half wave B; and the 
direction of difference will be shown in 
C by the direction of the resultant pen 
deflection. If the two channels are out- 
of-phase, this will be shown by a de- 
flection of C first in one direction, then 
in the other—a diphasic wave. 


These relationships are illustrated in 
Figs. 2 and 3, where channels A and B 
are supplied from a common sine wave 
generator. In Fig. 2 it is seen that 
when A equals B, the amplified half 
waves supplying opposite sides of the 
push pull system cancel in channel C. 
When A is increased or B is decreased, 
the deflections in C are upward. When 
A is decreased or B is increased, de- 
flections in C are downward. In Fig. 3 
it is again seen that when A and B 
are equal and in-phase, the effects 
cancel. When A or B is reversed so 
that time relations are out-of-phase, 
the over all effects are additive in the 





*tAssociate Professor of Physiology, Uni- 
Versity of Illinois, School of Medicine, Di- 
rector of Physchophysiological Laboratory, 
Institute for Juvenile Research, 907 S. Wal- 
cott Avenue, Chicago, Iil. 

**Physiologist, Institute for Juvenile Re- 
search, 907 S. Wolcott Avenue, Chicago, Ill. 

14 refer to similarly numbered references 
in the Bibliography at the end of the paper. 

4 § #7 8 Various automatic devices and 


tPresented at the Instrument Society of America Eighth National Instrument Conference and Exhibit held in Chicago, Ill., Sept. 21-25, 1 
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methods have been described for phase an- 
alysis of the EEG. Hugger (4) presents a 
statistical method; Gray Walter (5) investi- 
gates phase using *2 elaborate cathode ray 
display system; Coin (6) explores the ap- 
plicability of the cyclosope; Sonneman and 
Kennard (7) describe an ‘“‘inter-phase an- 
alyzer’’; and Goodwin and Stein (8) have 
developed a ‘‘correlator’’ providing integra- 
tion of the amount of in and out-of-phase 
activity. 


es 


A Device for Simultaneous Comparis¢ 1 


of Variable EEG Brain Patterns 


D 


By CHESTER W. DARROW“ and G. PETER ARNOT 


sense that C now gives a diphasic 
pattern with alternate deflections firg 
in one direction, then in the other, an 
presents a synthetic approximation of 


the original sine waves. 
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Fig. 1. Block diagram 
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Fig. 2. Effect of Relative amplitudes of & 
phase waves A and B on direction of int 
cator deflections C. 
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Fig. 3. Effect of changing A and B chant 
from in- to out-of-phase on deflections ¢ 


Illustration of the method as # 
plied to the analysis of activity r] 
different brain areas, is illustrated # 
Fig. 4. Channel A is an electroe 
logram from the left side of the 
near the vertex and B is from the® 
cipital area near the back of the 
C is a comparison of the 
(downward) halves of A and BY 
methods described. The sample of 
ord illustrates a frequently obser 
effect of stimulation involving \ 
increase of amplitude and out-of 
effects in the more anterior of the™ 
brain areas. A concomitant increas 
sweating of the palms of the 


is indicated by a record of skin 1e™ 
(Continued to Page 27) 
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Angular Position Indication 


by a Light-Weight 


Variable Reluctance Pick-up 





By JERRY ROEDEL* 


Abstract. A small light weight angular 
position indicator which operates with car- 
rier frequency equipment is described. 
Curves showing the effects of the various 

eters are presented and an imperial 
design formula is developed. 


ECENT progress in (utter model in- 

vestigations has brought about a 
need for a frictionless position indicator 
of small weight which will be useful in 
recording static and dynamic angular 
positions in both flutter and stability 
testing of a wind-tunnel model. Such a 
unit of small weight and unit cost was 
developed by the engineers of the Vibra- 
tion Laboratory of the Boeing Airplane 
Company, under the direction of Mr. 
Abner XK. Willson. 


This paper describes the operation 
of this new type variable reluctance 
position indicator. It discusses the ef- 
fects of varying some of the design 
parameters on the sensitivity, linearity, 
and amplifier circuit loading. An at- 
tempt is made to set forth the sequence 
of steps which the author used when he 
was confronted with the problem of de- 
signing a practical unit of this type. 

The short time available for the re- 
search discussed in this paper prevents 
the consideration of such subjects as: 
losses in the pick-up, factors affecting 
resistive noises, the effect of varying 
the carrier frequency as a parameter, 
and the effects of temperature and hu- 
midity changes on the pick-up perform- 
ance. Since considerable written work 
is available on bridge theory and the 
theory of operation of the associated 
equipment, no attempt is made to dis- 
cuss these two topics in detail. 
Description 

The new pick-up is of the variable 
teluctance type. It consists of a center- 
tapped coil wound on a flat transformer 
steel form, and two flat plates of the 
same material which are positioned par- 
allel to the two flat faces of the coil. 

relative positions of the flat coil 
and the two plates is shown in the pho- 
tographs of Fig. 1. The unit pictured is 
an early experimental unit with a 135° 
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EXPERIMENTAL ANGULAR POSITION 
INDICATOR USED FOR SOME EARLY TESTS 
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Fig. 1. Experimental Angular Position Indi- 
cator. 
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Fig. 2. Bridge and Balance Circuit Diagram 


for Variable Reluctance Pick-Up. 
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Fig. 3. Diagram showing Relative Positions 
of the Plates for Several Conditions. 
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Fig. 4. Calibration of Variable Reluctance 
Type Angular Position Indicater. 


coil. In the lower picture of Fig. 1 the 
unit is disassembled to show the indi- 
vidual parts. Either the coil or the 
plates is free to rotate upon the com- 
mon center in accordance with the angu- 
lar motion of the part being instru- 
mented. Whether the coil or the plates 
is the movable member is entirely a 


{Presented at the Instrument Society of America Eighth National Instrument Conference and Exhibit held in Chicago, Ill., Sept. 21-25, 1953. 
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VECTOR DIAGRAM WITH PLATES 
MOVED TOWARD L, 


Fig. 5. Vector Diagrams of Bridge Circuit. 


matter of convenience of design; and 
conceivably both could be movable in 
the case where the relative rotation of 
two parts is of interest. Up to the time 
this investigation was completed, all 
units of this design in use have had sin- 
gle layer coils. The relative position of 
the iron plates along the axis of the coil 
determines the inductance of each of 
the coils. Thus, the degree to which 
each coil is enclosed between the plates 
will determine the division of the in- 
ductance between the coils. Any change 
in position of the plates will cause the 
one coil to have an increase in induc- 
tance due to the increase in iron in its 
flux path, wihle the other coil will de- 
crease in inductance due to less iron in 
its path. To indicate these inductance 
changes, the pick-up is connected into 
the bridge circuit of a carrier amplifier. 
This is shown diagramatically in Fig. 
2. The pick-up which is shown on the 
left is connected to the carrier amplifier 
(only the bridge balancing circuit of the 
amplifier is shown) on the right through 
the cables and the capacity balancing 
unit. The capacity balancing unit is the 
same as that often used to achieve re- 
active balance of reluctance type accel- 
erometers. If the bridge is balanced 
with the plates at the exact center of 
the coil, any unbalance of the bridge 
due to a change of plate position will be 
detected by the carrier amplifier and 
will be transmitted to an indicator to 
show the amount of unbalance. 

A typical sensitivity calibration curve 
is shown in Fig. 4. It is seen that this 
eurve is approximately symmetrical 
about the zero axes for both trace de-: 
flection and angular position. To show 
some of the critical points in the motion 
of the plates toward either end of the 
coil from the balanced or zero angle 
position, three sketches are drawn of 
the relative position of coil and plates 
in Fig. 3. The upper sketch illustrates 
positional relationship for the zero 
angle or balanced position. The center 


22 


sketch illustrates the relationship des- 
ignated by the line marked, “Plates 
completely leave one coil (L:)” in Fig. 4. 
The sketch at the bottom of the page in 
Fig. 3 shows the relationship of coil to 
plates for the line marked, “End of 
Plates passes the end of the coil (L:)” 
in Fig. 4. Fig. 4 also shows the meaning 
of terminology which will appear later 
in this article. The range of linearity is 
shown to indicate the practical range of 
measuremerit over which the instrument 
will have a constant sensitivity. The 
sensitivity is defined as the slope of the 
linear part of the curve. The total range 
of the instrument is limited because of 
a reversal effect which occurs approxi- 
mately at the position where the plate 
starts to pass beyond the outer end of 
either coil. Because the symmetry of the 
calibration curves is very good, as seen 
in Fig. 4; all later diagrams will show 
only the output for positive angular 
positions. The indicator used in obtain- 
ing the curve in Fig. 4 was a magnetic 
non-recording oscillograph built at the 
Vibrations Laboratory of the Boeing 
Airplane Company. 

The operation of the a-c bridge is 
shown by the vector diagrams in Fig. 5. 

In this figure, the upper sketch shows 
the bridge circuit and identifies the nota- 
tion used below. The circle diagram of 
the bridge at balance shows that the 
output voltage is zero. If the plates are 
now moved toward coil L:, a shift in 
the bridge voltages will result, as shown 
in the lower diagram of Fig. 5. Since 
the total inductance and resistance re- 
mains the same, the magnitude of I, 
remains the same. Inductance L, in- 
creases, and inductance L, decreases by 
the same amount. The resistive arta of 
the bridge through which J, flows does 
not change. Thus, the voltage drops /, 
R; and I, R, are constant in phase and 
magnitude. This means that the locus 
of the output voltage must always pass 
through the point on the diagrams of 
Fig. 5, denoted by H. The locus of the 
output voltage is shown by the line D-D’. 
These diagrams are based on the as- 
sumption that resistance of the indi- 
cator is constant or that the output cur- 

AL 


rent J, is proportional only to “ .: 





can be shown that this assumption is 
valid for values of Q of the coil in the 
range from 2 to 20.’ The output current 
for the bridge then becomes 
I, = KE-AL/L (1) 

Here, K is a constant and E, denotes 
the magnitude of the carrier voltage. 

This output current is fed into a car- 
rier type amplifier where it is amplified 
and rectified in a phase sensitive de- 
tector. A simple filter is used between 
the detector and the magnetic oscillo- 
graph to eliminate the carrier fre- 
quency voltage. 

This simple pick-up has virtually re- 
placed the slidewire type pick-up for 





‘Superior numbers refer to similarly num- 
bered references in the Bibliography at the 
end of the paper. 












angular position indication on 
models. Its main advantages over 
slidewire are the low friction, Which ig 
possible because the plates and Coil dy 
not make contact; and the i 
elimination of the hash which is pres. 
ent in a slidewire due to contact j 
This is very important in flutter 
tigations, because any additional frie. ¥ 
tion may completely change the char. ' 
acteristic vibration of the system, Ty 
pick-up also has the added ady 

of greater sensitivity due to the am Fi 
plification through the carrier type ay. 
plifier. It has the disadvantage of only 
a limited range of linearity, wherey 
the slidewire is linear over its entin 
range. By careful design, this objectign 
to the variable reluctance type pick 
may be minimized. The following page 
will show just how various par; | 
in the design of the pick-up, affect the i 
linearity and sensitivity. : 
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Fig. 6. Regulation Characteristics of Fig 
Cc.P.S. 10 Volt Carrier Frequency Powe 
Supply. 


Variation of Parameters 


The first model of the variable relu 
tance type position indicator was fa} Fig 
ricated on a hit-and-miss basis. It we 
wound with 0.00175 wire, which is & 
ceedingly difficult to wind on a i 
form. After manufacture of the fm 
unit, these questions were raised: Wi 
must the wire be so fine? Can the pitt 
up be made smaller? Can the core® 
made the movable element of a hollit 
coil? These questions, directed to # Wit 
author, inspired an investigation of th 
design parameters of the pick-up. 

In designing a pick-up, two basi¢® 
quirements must always be f 
First, the coil and the plates must @@ 
have a sufficiently large included ange 
so that the plates never com 
leave the center side of either coil, @ 
pass beyond the end of either coil 
this requirement is met, then the 
up will not reverse itself in the 
of the maximum angle to be mea 
For this to hold, the minimum 1G 
angle of the plates must be equal t# 
maximum angle to be measure 
slight modification will be applied 
this angle in the discussion of af 
cal design. The second basic 
ment is that the unit shall have 
cient impedance at the carrier ® 
quency so that it will not overload® 
carrier frequency power supply. # 
author ran a load test on the comme 
cial test equipment known as @ | 
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power supply is used with the #™ 
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Fig. 7. @ of the Coil as a Function of Turns 











Per Inch. 
e _ LeKe® M 
; were wi y, 
w 

















7 / 


| 
Ld 2 nn 
100 




















200 400 


50 
TURNS PER INCH, © 


Fig. 8. Inductance as a Function of Turns 
Per Inch for a Close-Wound Coil. 


type CD-2 carrier amplifiers to supply 
arrier and d-c voltages. The curve in 
Fig. 6 shows the regulation character- 
isties of the 10-volt, 2,000-cycle per sec- 
ond carrier voltage. It is seen that the 
maximum usable load is approximately 
300 milliamperes. This power supply is 
normally used with as many as twelve 
channels of carrier amplification, so it 
would be impractical for each pick-up 
to draw more than 25 milliamperes. 
With a 10-volt source, this represents 
an impedance of 400 ohms. Very often 
the wire size will limit the allowable 
current still further. In the following 
work these requirements will be neg- 
lected to show the effects of the varia- 
tion of several of the design parame- 
ters such as: wire size, core thickness, 
depth of core, air gap between the 
plates and the coil, and the effect of 
multiple layer windings. 

first parameter which was con- 
. was the wire size. Just how wire 
size affects the coil can be seen from 

two equations: 


L = KI(N)°'A up 
Where: (N)'A zw 


L is the inductance of the coil. 

lis the length of the core. 

Nis the number of coil turns per unit 
coil length. 
Is the cross-sectional area of the 
core. 

# is the relative permeability of the 
core material. 
§@ constant to absorb the dimen- 
Siopal relationships (when ration- 


(2) 


alized c.g.s. units are used, K = 4m 
x 10°). 
R=C (p+4d) Nrl 
Where: 

R is the resistance of the coil. 

p is the perimeter of the core cross- 
section. 

d is the diameter of the wire. 

N is the number of coil turns per unit 
coil length. 

r is the resistance of the wire used to 
wind the coil, and is given in ohms 
per unit length of wire. 

C is a constant to absorb dimensional 
relationships for mixed units (for 
any consistent set of units, C=1). 

The Q of a coil, which is a function of 
L/R is then a function of N/r. Since r 
increases more rapidly than N, Q de- 
creases as the wire gage number is in- 
creased. A curve of Q versus turns per 
inch is shown in Fig. 7. The curve in 
Fig. 8 shows that the inductance is truly 
a function of N squared. For this curve, 
inductance is plotted against turns per 
inch on logrithmic scales. Since the 
curve is approximately straight, we can 
assume that it has the form of a power 
function such as: L = K’' N™. By the 
curve-fitting rules studied in college 
algebra,* M is found to be approximately 
equal to 2. The curves of Fig. 9 show a 
family of sensitivity curves for various 
wire sizes. From these curves it is seen 
that the sensitivity (sensitivity is de- 
fined as the slope of the curve) increases 
as the wire gage number is increased. 
Sensitivity is then apparently a function 
of turns per inch. A curve to show this 
relationship is shown in Fig. 10. It can 
also be seen that the pick-up is linear 
over its largest range with the largest 
value of Q. At the same time, it can be 
seen that the total range (the total 
angle which can be measured without 
reversal) of the pick-up decreases 
slightly as the wire gage; and there- 
fore, the turns per inch is increased. 
One further point may be noted from 
the variation of the wire size, namely, 


(3) 


























~ 




















+ © "30 GAGE WIRE 260 TURNS 
x°33 GAGE WIRE 337 TURNS 
O°S6 Gast Wine 408 TURNS 
LL. @*38 GaSe WIRE GOS TURNS 
2°40 GAGE WIRE 794 TURNS 


a? 
bak 


[ 





- 








TRACE DEFLECTION IW SCALE DIVISIONS 






































10 20 30 40 so 60 ro 
ANGLE IN DEGREES 


Fig. 9. Calibration Curves for Variable Re- 
luctance Type Angular Position Indicator. 
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Fig. 10. Sensitivity as a Function of Turns 
Per Inch for a Close-Wound Coil. 
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Fig. 11. Impedance of the Variable Reluct- 
ance Peckup as a Function of Turns Per 
Inch for a Close-Wound Coil 


the increase of the total impedance of 
the pick-up with increased turns per 
inch. This is shown by the curve in Fig. 
11. In summary, then, we have from the 
curves in Figs. 7, 8, 9, 10 and 11 for 
an increase in the wire gage number: 

1. The turns per inch increase. 

2. The sensitivity will increase. 

8. The impedance of the coil will in- 
crease. 

4. The Q of the coil will decrease. 

5. The linearity will decrease. 

6. The total range will decrease. 

To gain the advantage of the larger 
linear range which accompanies the 
higher values of Q, it might be possible 
to place resistors in series with each 
end of the coil to prevent overloading of 
the power supply. How these resistors 
affect the pick-up operation is indicated 
by the curves on Fig. 12. From this 
family of curves it is seen that the 
sensitivity decreases as resistance is 
added to the circuit. There is no appar- 
ent change in the maximum range of the 
pick-up. There is a decrease in the range 
of linearity of the pick-up with an in- 
crease in resistance. This can apparently 
be attributed to the decrease in the Q 
of the coil. The variation of the total 
impedance of the pick-up can be seen 
by the locus diagram in Fig. 13. It does 
not seem feasible, from the results ob- 
tained, to add resistance to a unit wound 
with a larger diameter wire; for these 
units usually have a low sensitivity 
along with the low impedance. To check 
the difference between concentrating the 
resistance at the ends of the coil and 
distributing it through the coil, a unit 
was wound using No. 30 gage cupron 
wire. This wire has a resistance of 3 
ohms per foot. The sensitivity curve of 
this unit in comparison with a unit 
wound with No. 30 gage copper wire 
and having resistors to equalize the 
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impedance is shown in Fig. 14. This 
shows that little can be gained by wind- 
ing the coil with a larger wire and then 
padding the resistance of the unit. The 
one advantage is that the larger wire 
is easier to wind. 

In an attempt to observe the effect of 
increasing the core thickness, the 
curves of Fig. 15 were obtained. From 
Equation (2) it is seen that the induc- 
tance should increase as the cross-sec- 
tional area of the core is increased. This 
does not seem to hold for this core 
which was increased in thickness by 26 
per cent. Later investigations showed 
that the iron used in this thicker core 
was a lower grade transformer steel. 
The relative permeability of the thicker 
core was approximately 24 per cent less 
than that of the thin core. The curves 
can then be interpreted to give an idea 
of the effect of the permeability of the 
core material on the pick-up perform- 
ance. Apparently the sensitivity of the 
unit increases as the permeability of 
the core increases. This indicates that a 
good grade of transformer sheet steel 
should be used for the core and the 
plates. 
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Fig. 12. Family of Calibration Curves for 
Reluctance Type Angular Position Indicator 
with Series Resistor in Each Coil. 


The core depth was next varied. The 
effect of the depth of the core material 
is shown by the curves on Fig. 16. From 
this it is seen that the linearity in- 
creases as the core is decreased from 
0.30 in. to 0.23 in. and increases still 
farther as the core depth is further re- 
duced to 0.10 in. It is also observed that 
the Q of the coil increases with de- 
creased core cross-section. Sensitivity 
decreases with a decrease in the core 
depth, and the total range of the pick-up 
increases with decrease in the core 
depth. It can be seen, by considering 
Equations (2) and (3), that both the in- 
ductance and the resistance decrease 
respectively; since both A in Equation 
(2) and p in Equation (3) will decrease 
with a decrease in the depth of the core. 
Since both the inductance and the re- 
sistance of the unit decrease, the total 
impedance must also decrease. 
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Fig. 14. Calibration of Variable Reluctance 
Type Angular Position Indicator 


How much care in winding is re- 
quired is shown in Fig. 17. Here, less 
windings are placed on one half of the 
coil form than on the other. For the 
two steps shown in this figure, 2 per 
cent and 4 per cent less turns were used 
on one of the coil sides. The only notice- 
able effect is a 0.6 per cent and a 1.9 
per cent reduction respectively in the 
total range. This would indicate that 
extreme care is not necessary in wind- 
ing the coil to prevent unbalance in 
turns on the two halves. 

Because the plates do not make con- 
tact with the coil, there is a tendency 
to neglect them as a critical parameter 
in the design. Careful thought will in- 
dicate that this is an erroneous idea. It 
appears that the plates should always 
nave greater depth than the coil so that 
some of the coil will not fall outside of 
the plates at the bottom. That is to say, 
the center section of the coil will be 
completely hidden behind the plates 
when looking at the flat area of the 
plates and the coil. The separation of 
the two plates must also be considered. 
In Fig. 18 it is seen that the range of 
linearity decreases as the plates are 
moved closer together. The total range 
of measurement is seen to decrease as 


the separation is decreased from 0. 
to 0.23 in., and then remains unchange 
as the separation is further 

to 0.17 in. The sensitivity is seen to in. 
crease for the first decrease from 03) 
to 0.23 in., and then it decreases With 
decrease in the separation to 0.17 in 
This suggests that a point of maximuy 
sensitivity may exist between a sepa. 
ration of 0.30 and 0.17 in. Plate 

tion has little effect on the Q of the ej 
or the total impedance of the pj 
Both the Q of the coil and the total jn, 
pedance of the pick-up exhibit 9 si 
minimum with the 0.23 in. plate sepa. 
ration. 
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Fig. 15. Calibration Curves for Vari 
Reluctance Type Angular Position Indicate 
with Different Core Thicknesses, 


LLisAe 
Ll 


\ 
| 


P CORE CEPTH- 0.5 1NCHED 














’ 
— 











= come OEPTH ~ 0.2 INCHED | 
e CORE OEPTH- 0,1 INCHES 


| 
i | 
wT) 


asa: 
wrt Td 


10 20 30 40 80 © W 





1m SCALE BiVisiONS 
e ~ 
pte 

















TRACE OEFLECTION 



































ANGLE IN DEGREES 











Fig. 16. Calibration Curves for Variable 
Reluctance Type Angular Position Indio 
ter with Different Core Depths. 







In order to extend this work 0™ 
a pick-up with satisfactory imp 
for measuring very small angles (I! 
5°), several combinations of 1 
layer coils were investigated. Ind 
to measure angles in this range 
very low impedance. This is @ 
able, since excessive loading bs 
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Fig. 17. Ecect of Unbalanced Turns on Cali- 


bration Curve for Variable Reluctance Type 
Angular Position Indicator. 


power supply causes instability in the 
carrier amplifier equipment. Several 
methods of building up the impedance 
of a pick-up unit are possible and have 
already been investigated. Winding the 
coils in multiple layers is a much more 
effective way of increasing the impe- 
dance of the pick-up. 


The first unit investigated was a two 
layer coil. The first layer was wound 
close with the center of the coil brought 
out as two leads. This makes the pick- 
up appear as two coils with the center 
wires. not connected. The second layer 
was close-wound on top of the first in a 
similar manner so that, before connec- 
tions are made, the pick-up appears to 
have four separate coils. For this two 
layer coil, two methods of connection 
between coils were found which would 
result in a usable pick-up. 


The connection diagrams for the 
above are shown as connections A and 
Bot Fig. 19. In each case, the impedance 
is more than twice as great as that for 
a single layer coil. The sensitivity 
curves for these two connections can be 
seen in Fig. 20. The winding, connection 
B, exhibits a slight advantage over that 
of A. The difference is that B suffers 
only a 7 per cent decrease in range of 
linearity against a 14 per cent decrease 
for winding connection A, due to the 
change from single layer winding to 
‘ouble layer winding. The total range 
for connection B is decreased 1.2 per 
cent by this change as compared to a 
36 per cent decrease for connection A. 

e sensitivity of connection B shows 
an merease of 144 per cent over that of 
the single layer winding, as compared 

an increase of 85 per cent for wind- 

connection A. The sensitivity curve 

4 triple layer winding (labeled C) is 

‘ in Fig. 20. The connection 
@agram is denoted by C in Fig. 19. With 
triple layer winding, the sensitivity 

; by 320 per cent over that 

for the unit with a single layer winding. 
impedance on the other hand is in- 
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creased to more than six times that of 
the single layer unit. The range of line- 
arity decreases considerably, while the 
total range decreases only slightly. For 
the triple layer winding the range of 
linearity is decreased by 32 per cent. 
The total range, on the other hand, is 
decreased by only 3.6 per cent of that 
of a single layer unit. From this it is 
seen that for small angles where the 
coil may be made slightly longer to com- 
pensate for the decrease in linearity, it 
is possible to design a pick-up with mul- 
tiple-layer winding which has sufficient 
impedance to not overload the power 
supply without having to sacrifice sen- 
sitivity. 

Variation of the carrier frequency is 
one of the parameters which has not 
been investigated experimentally. Neu- 
bert‘ states that for carrier frequencies 
up to 5000 cycles per second, the effect 
of cable and shunt capacities seldom is 
troublesome. He shows further that 
shunt capacity produces an increase in 
the sensitivity of an inductance pick- 
up. With an increase of the carrier 
frequency, it would then be possible to 
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Fig. 18. Calibration Curves for Variable Re- 
luctance Type Angular Position Indicator 
for Several Values of Plate Separation. 


increase the impedance and the Q of a 
pick-up unit. It is possible that the 
range of linearity will also increase 
with the Q of the coil, as it did in pre- 
vious investigations. 

The preceding work has shown that 
the sensitivity of a pick-up will in- 
crease if: 

1. The turns per inch are increased. 

2. The core thickness is increased. 

3. The permeability of the core ma- 
terial is increased. 

4. The depth of the core is increased. 

5. The plate separation is decreased. 

6. Multiple layer winding is used. 

It has been shown that the total impe- 
dance will increase if: 

1. The turns per inch are increased. 

2. The core volume is increased. 

3. The permeability of the core is in- 
creased. 
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Fig. 19. Connection Diagrams of Multiple 
Layer Coils. 





























4. Resistance is added in series with 
the coil. 

5. Multiple layer winding is used. 

6. The carrier frequency is increased. 
In addition, it has been shown that the 
range of linearity will increase if: 

1. The turns per inch are decreased. 

2. The core volume is decreased. 

3. The parmeability of the core and 
the plates is increased. 

4. The plate separation is increased. 
Finally, it has been shown that the total 
range of the pick-up will increase if: 

1. The turns per inch are decreased. 

2. The volume of the core is de- 
creased. 

8. Single layer winding is used in 
preference to multiple layer winding. 

From this, it is seen that for intelli- 
gent design it is necessary to carefully 
balance these design parameters; if a 
pick-up with the desired performance 
is to be obtained. Some of this informa- 
tion is now applied to indicate the de- 
sign of a practical pick-up unit. 


Practical Design of a Pick-Up 


In the practical design of a pick-up 
unit the author found it helpful to pro- 
ceed as follows: 

To start the design it must be known 
just how large the total angular range 
of the instrument is to be. Let this angle, 
shown in Fig. 21, be denoted by w; since 
the plates are not to pass beyond the 
center of the coil, then the total angle 
included by the plates, denoted by a, 
should be: 

w 11.48 
ez (4) 
2 R. 
where: R. is the radius of the core. 
In the above expression, the value 
11.43 





represents an empirical modifi- 





R. 
cation ensuring that the plates never 
pass beyond the center point of the coil. 
The hundredths place is carried to con- 
form with the accuracy held in all work 
connected with the model. The two 
plates will have to be of different 
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lengths, if they are each to include the 
same angle. The formula for the plate 
length is, then: 
8 
l — 0.175 a (R. +—) 


9 


~ 


(5) 


where: 

l is the plate length in inches. 

a is the total included angle of the 

plates in degrees. 

R. is the radius of the coil in inches. 

s is the separation of the plates in 

inches. 

Once the total angle of the plates is 
known, it is possible to find the total 
included angle of the coil. Let this be 
denoted by @ in degrees. 


11.43 





@=2a+ (6) 
R. 
11.43 


Here the term is an added term, 





preventing any possibility of the plates 
protruding beyond the ends of the coil 
for the maximum angle to be measured. 
From this value of ¢, the length of the 
coil:can be found from the relation 

ta l. = 0.0175 0 R. (7) 


I. is the coil are length in inches. 

@ is the maximum included angle of 

the coil in degrees. 

R. is the radius of the coil are in 

inches. 

The equations for the inductance and 
the resistance of the coil are given 
earlier in this report as Equations (2) 
and (3). After the dimensions of the 
coil and the plates have been determined 
by the above equations, it is merely a 
matter of designing an appropriate 
means of fastening the coil and the 
plates in the proper relationship. This 
is a problem in mechanical design, and 
varies with each new use. The coil wind- 
ing is a very important consideration, 
for it must have sufficient impedance so 
the carried frequency power supply will 
not be overloaded. Past experience has 
shown that the best attack to this prob- 
lem is to select a wire size and calcu- 
late the inductance and the resistance. 
From this it can be ascertained whether 
or not the pick-up has sufficient impe- 
dance. If it does not, then another guess 
must be made for wire size, core area, 
or any of the other parameters which 
affect the impedance, and this design 
checked for impedance. The use of these 
equations will now be demonstrated in 
a practical example. 

Suppose that the problem is to meas- 
ure angles in a maximum range of 40°, 
and that the physical dimensions of the 
unit to which the pick-up is to be at- 
tached limit the coil radius to 1.25 in. 





w = 40° 
Re = 1.25 in. 
40 11.43 
es —+ = 39° 
2 1.25 


Let the separation of the plates be 0.20 
in. The length of the plates then be- 
comes: 
l = 0.0175 (29) (1.25 + 0.10) 
Length of inner plate = 0.584 in. 
Length of outer plate = 0.685 in. 
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Fig. 20. Calibration Curves for Variable 
Reluctance Type Angular Position Indicator 
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Fig. 21. Diagram Showing Dimensions Used 
in Design. 


The total included angle of the coil will 
be: 
11.43 


. 6 = 2(29) + ==: 67° 





1,25 
The coil length is, then: 
l. = 0.0175 (1.25) (67) = 1.46 ins. 


The material which is chosen for the 
core material is a transformer sheet 
steel which is 0.02 in. thick and has a 
permeability of 600. The core depth is 
chosen to be 0.30 in. Since we had a 
plentiful supply of No. 38 gage copper 
double formvar wire available, we 
wound the coil with it. The turns per 
inch for this wire are 200, and the diam- 
eter of the wire is 0.0048 in. The induc- 
tance of the coil: 


L = 4nl. N’ Au. 10° 
L = (4) (1.46) (200)? (0.02) x 
(0.3) (600) (2.54) x 10° 
L = 6.7 millihenrys. 
*L = 1076.7 = 210 ohms for 5000 c.p.s. 


carrier. 
R= (2x0.02 + 2x0.3 + 4x0.0048) 
0.66 
x200x——_-x 1.46 
12 
R = 10.6 ohms. 
Z = 210 ohms. 









This is not sufficient impedance ty 
prevent overloading of the power Sup. 
ply. 

In the case of the equipment men. 
tioned earlier in this paper, 25 mili 
peres load current was all that ANY one 
pick-up should be allowed to draw, Jy 
the above case the pick-up would dry 
48 milliamperes for a 10-volt source, It 
is recalled from the previous work that 
with a double layer winding the ; 
dance will be more than doubled ay 
will also increase in sensitivity, It wij 
therefore be advantageous to double 
layer wind the coil. As an approximg 
tion, it should be possible to 
Equations (2) and (3) with sufficiey 
accuracy to determine if the impedang 
of the pick-up is large enough. By 
double layer winding, the turns per ing 
become doubled. The inductance wou 
then be four times as great, since the 
turns per inch enter in the equation» 
a squared term. Since the equation dog 
not hold precisely for a double laye 
coil, let us suppose that the inductang 
is tripled. The resistance is double 
since the turns per inch are doubled, hh 
this case we are already on the sai 
side, since the length per turn is greater 
for the second layer than the first. 

L = 20.1 millihenrys, 


*T, = 630 ohms. 
R = 21.2 ohms. 
Z = 630 ohms. 


With this impedance the carrier current 
will be less than 20 milliamperes. Ths 
should be sufficiently low. 

The exact sensitivity of the unit wil 
not be calculated, since it is a function 
of the amplifier and the recording a» 
paratus used. 

In this work, time limitation pre 
vented the investigation of loss resis 
ance, residual magnetism in the om 
material, temperature effects, and i 
effects of changes in pressure and it 
midity. The first of these (the loss 
sistance) includes the copper loss, &# 
hysteresis loss, the eddy current lam 
and the after effect loss. These subjet 
are covered in theory by Neubert’, Ti 
effect of residual magnetism in the om 
would be the introduction of extranet 
signals which are a function of the ft 
quency of motion of the plates. Tht 
signals would be proportional to 
velocity of motion of the plates. Tht 
effect of temperature changes should 
self-compensating in the bridge cirellt 
but in the cables, resistive noises 
be generated which may become tit 
blesome. There is the added possi 
that the permeability of the air pati 















the pick-up does not stay constant W# 
temperature and pressure. Just Mit 
large this change is, cannot be diset 
at this time. 













Conclusion ‘ 
In this work, an attempt has bee 
made to introduce this new type 
able reluctance pick-up. In virtue @® 
simple construction, the cost is low. 
sides the advantage of low cost, it Me 
the added advantage of small size ®™ 
weight. This is an important featu 7 
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instrumentation. The chief ob- 
jection to this pick-up is the non-linear 

tion, but this objection can be 
overcome by careful design. 
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over a frequency range of 20 to 2,000 
cycles per second with amplitudes from 
0,001 to 0.01 inch using a calibrated 
microscope for observation with strob- 
oscopic illumination. Within these 
limits, the measurements check within 
the specified tolerances. The precision 
within which microscope measure- 
ments can be made, however, deterior- 
ates to an unusable level at lower am- 
plitudes as is evidenced by the random 
seatter of measurements made by this 
method. Taking this random element 
into account, it would seem that agree- 
ment is reached up to 3,000 cycles per 
second in frequency and somewhat be- 
low 0.001 inch in amplitude. Tests at 
higher frequencies were not made, since 
suitable equipment was not available 
and lack of time prevented the investi- 
gation of other means of reaching ab- 
solute standardization. 


It would seem that a slight extension 
of the basic calibrator design would 
enable its use as a controller in a vi- 
bration generator servo-loop. This has 
not been done in the present case, be- 
cause a wide diversity of vibration 
generators are needed to cover so 
broad a frequency range. It was feit 
more desirable to provide an instru- 
ment suitable for any type of genera- 
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Device for Simultaneous Comparison of Variable EEG Brain 


Patterns 


(Continued from Page 20) 


ance, G, the so-called psycho-galvanic 
response (PGR). Before galvanic re- 
action, posterior dominance is indicated 
by the prevailing downward deflections 
of C. Simultaneous with the galvanic 
change, deflections in record A begin 
to precede and to become larger rela- 
tive to B, with resulting upward and 
diphasic deflections in C. 


Summary 


We have described a practical auto- 
matic electronic equivalent for the 
manual method of graphic evaluation 
of differences in phase and amplitude 

simultaneously occuring wave 
patterns. The method involves compari- 
son of the positive (or the negative) 
halves of the respective wave patterns. 
tion of the device, with a sine 
Nave oscillator and with the human 
aS @ wave source, is illustrated. 
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Fig. 4. Effect of changing phase and ampli- 
tude of brain patterns A and B on indicator 
deflections C. Record A from anterior re- 
gion, B from poterior region of the head. 
Positive (downward) half waves of A and B 
are compared. Downward deflections of C 
indicate B dominance and upward deflec- 
tions, A dominance. Diphasic waves indicate 
out-oi-phase relation. 
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Analyzers 


(Continued from Page 12) 
For gases the temperature effect is 
given by 
V; Tse 
—_—_=— (3) 
V: T avs) 
Thus a change of 1.0 per cent scale cal- 
culates: 
100 
“293 X —— (4) 
99 
= 296 deg. abs. and ther- 
mostating to +3 C. is required. 
The pressure effect is given by 
V; P, 
—_-=— (5) 


T: 


Thus +1.0 per cent scale requires pres- 
sure control to +1.0 per cent. At atmos- 
pheric this is, of course, +7 mm mer- 
cury 


Laboratory Tests 

As one should expect for a system as 
simple as this, the values found in prac- 
tice correspond very closely to the theo- 
retical. The largest discrepancy oc- 
curred in the measurement of toluol in 
benzol. In this case, the instrument was 


Sample Handling Considerations with Continuous Infrared 


so sensitized that 10 per cent toluol gave 
full seale deflection. We found a change 
of 2 per cent scale deflection for a 40 
deg. temperature change at a concen- 
tration of 5 per cent toluol. The calcu- 
lated value is: 

0.12 X 40C. X 0.05 X 10 = 2.4 per 
cent scale. In the above, 


0.12 = per cent density change in ben- 
zol per 1 C. 

0.05 = toluol concentration 

10 = sensitivity factor 


Here a temperature change of +20 C. 
would cause scale deflections of +1 per 
cent. 

Our theoretical calculation indicated 
no flow sensitivity, but we found for 
gases a limit of 15 L/min. Since this 
value obtained for a non-absorbing gas 
(nitrogen) as well as for the gas to 
which the instrument was sensitized, it 
is undoubtedly a secondary effect. In 
the test, a pressure drop existed at the 
entrance of the sample cell and the re- 
sult may have been due to the cooling 
effect at this point. Field experience 
indicates that flow rates of 1—2 liters/ 
min. are completely adequate from the 
standpoint of lag time. 





For liquids, flow rates of from 0.29) 
min. to 10.0g/min. were found satis. 
factory, but a change in rate of this 
magnitude produces a shift in ZeYO point 
of 4 per cent scale. A change of +59 
cent of either the high or low rate gave 
no shift. The above values are not limits 
but only the values found expedient ty 
test in the laboratory. 


Finally, it must be considered that 
this is an optical instrument and 
necessary steps must be taken to cle 
up a dirty sample stream. Some proyj. 
sion has been incorporated in the gas 
cell design in that the windows ap 
placed in the vertical plane to minimig 
accumulation of dust or mist, and in th 
provision of a sump below the windy 
and sample port level for the accumu. 
tion of such particles. Where this is not 
sufficient, a cellulose filter may be used 
which removes mist and dust particls 
above 40 micron size. Noteworthy is the 
fact that an accumulation of particles of 
this size on the windows sufficient tor. 
duce the visible light transmission § 
per cent, may reduce the infrared trans. 
mission by only a few per cent, 
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Mechanical Dissociation of Fluids and Dielectric Constant 


Measurement 


(Continued from Page 16) 
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TABLE I 


EXPERIMENTAL DATA TAKEN TO DETERMINE CHANGES 
IN DIELECTRIC CONSTANT AT TURBULENT FLOW 











Rate of Static Dynamic Difference Estimated 
Flow Capacity Capacity C,-C: Raynold’s 
lbs./sec. C: mmfd. C: mmfd. mmfd. Number 
0.72 1082.0 1081.7 0.3 3,600 
1.35 1081.0 1081.0 0.0 6,800 
1.8 1080.6 1080 0.6 9,000 
2.4 1077.1 1075 2.1 12,000 
2.73 1070.5 1070.1 0.4 13,000 
3.2 1067.6 1064.4 3.2 16,000 
3.5 1066.1 1063.2 2.9 21,000 
3.6 1065.7 1062.7 3.0 25,000 
3.75 1065 1063.8 13 27,000 
3.9 1064.3 1061.7 2.6 29.000 


* 
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Practical Considerations in Designing 
AC and DC Bridges 





By G. R. PEIRCE* 


. This is a practical, and essenti- 
cep msathomatical, analysis of the basic 
factors to be considered in designing and 
using resistance or resistance-capacitance 
bridges. Sensitivity information is presented 
in the form of curves, so that the bridge 
outputs can be quickly determined for most 
conditions of bridge operations. The prob- 
Jems of matching the bridge and detector 
and of using the bridge with capacitive 
contamination is presented graphically. The 
effects the source and detector have on the 
bridge operation are discussed. 


= material presented here is in- 
tended as a guide for the man who 
has to make and use bridges} with re- 
sistances or with resistance and capaci- 
tance in the bridge arms. It is intended 
as a practical exposition of known data 
displayed in a more usable form. Con- 
siderable data on bridge characteristics 
is tabulated, but none of the standard 
derivations are included; these are eas- 
ily available elsewhere. Only the sim- 
plest mathematics is required to employ 
this data. This material is intended for 
the man in the field who has to get 
maximum bridge performance, and who 
doesn’t have time to solve an involved 
equation many times. If this analysis 
accomplishes even fifty per cent of this 
task, it will have achieved its purpose. 


The Equal Arm Bridge with 
High Impedance Detector 


Many commercial special-purpose 
bridges are equal arm bridges having 
only resistance elements. If the output 
of such a bridge is fed to a high impe- 
dance detector, vacuum tube amplifier 
or cathode ray oscillograph, the bridge 
provides a voltage output to the detec- 
tor as shown in Fig. 2. This diagram 
applies when three arms of the bridge 
are identical. The output voltage is de- 
pendent only on the per cent unbalance 
and the voltage applied to the bridge. 
The bridge output is not dependent on 
the magnitude of the three fixed arms. 
Since the condition near balance is the 
one of most interest, Fig. 3 shows the 
Same curves for unbalances up to 5 per 
cent. The principal thing of interest is 
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“Associate Professor of Electrical Engineer- 
ing, University of Illinois. 


Definitions for terms used ar¢ given in 
Appendix A, page 33. 
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Fig. 1. Standard circuit for use with the 
curves in this paper. 
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Fig. 2. Curve showing the open circuit out- 
put voltage of an equal arm bridge for un- 
balanced operation. 


the high degree of linearity for small 
unbalances and that the average output 
voltage is 2.5 millivolts, per volt applied, 
per per cent unbalance. 

Example 1: 


An equal arm strain gage bridge has 
one active gage. The gage has a change 
in resistance of 1 per cent for each 0.5 
per cent elongation of the gage. The 
gage resistance is 120 ohms. If the 
maximum strain to be measured is 0.25 
per cent or 2,500 micro-inches per inch, 
find the voltage input to the bridge 
needed to give a maximum input to the 
detector amplifier of 5.0 millivolts. 
Solution: 

The bridge unbalance will be twice 
the 0.25 per cent strain or 0.5 per cent. 
Fig. 3 shows that an unbalance of 0.5 
per cent will give a bridge output of 
1.25 millivolts per volt applied. To ob- 
tain a 5 millivolt output, the input 
bridge voltage must be: 

MV output 5.0 
MV/volt input 1.25 
4 volts bridge input 
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Fig. 3. Curve showing the high degree of 
linearity of unbalance vs output for small 
unbalances. 


The Equal Arm Bridge with 
Low Impedance Detector 


The equal arm bridge used with gal- 
vanometers, microammeters, or head- 
phones as detectors has to be analyzed 
on the basis of current rather than volt- 
age. Fig. 4 shows the relationship be- 
tween the detector voltage and the ratio 
of the detector to arm resistance. If the 
detector voltage sensitivity is known, 
this curve can be used directly to obtain 
the effect of a given unbalance. The de- 
tector current is equal to the detector 
voltage obtained from the curve divided 
by the detector resistance. 

The curve plotted in Fig. 4 is an 
average curve based on both plus and 
minus unbalances. It is, therefore, 
slightly higher than it should be for 
plus unbalances and slightly lower than 
it should be for minus unbalances. The 
errors caused by using it for either di- 
rection of unbalance are quite small: 2 
per cent error for a 4 per cent unbal- 
ance and 5 per cent error for a 10 per 
cent unbalance. 

Example 2: 

A d-c bridge has four arms of 2,000 
ohms each. The input voltage is 1.5 
volts. The galvanometer resistance is 
500 ohms and its sensitivity is 0.3 mi- 
croampere per millimeter deflection. 
Will this bridge be able to indicate an 
unbalance of 1 ohm in one of the 2,000 
ohm resistors? 
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Fig. 4. Curve showing the detector voltage as a function of the ratio of detector to arm 
resistance in an equal arm bridge. 
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Fig. 5. Curves showing that a capacitive 
contamination dulls the sharpness of the 
resistive balance, and causes non-linearity 
in the relation between output voltage and 
the per cent unbalance. 


Solution: 
R detector 500 
The ratio of ——————— is 
R arm 2000 
From the curve of Fig. 4 the detector 
voltage is 0.5 millivolts (500 micro- 
volts) per volt input per per cent un- 
1 


or .25 








balance. The per cent unbalance is 
2000 
times 100 or 0.05 per cent. The input is 
1.5 volts. Therefore the detector voltage 
is: 
V detector= (.05) (1.5) (500) = 
87.5 microvolts 


The detector current is therefore: 
V detector 87.5 


I detector = ——————- => = 
R detector 500 
.075 microamperes 
The deflection is: 
0.3 microamperes /mm 





= 85 mm 





.075 microamperes 
Since the deflection of .25 mm is one 
that is easily discernible, this bridge 
can detect a 1 ohm unbalance. 
Example 3: 

A bridge having four equal arms of 
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2,500 ohms each is operated at 2,000 
cycles per second and supplied with 6 
volts RMS. The detector is coupled to 
the bridge by an amplifier which has an 
input resistance of 500,000 ohms. What 
is the voltage input to the amplifier for 
a 1 ohm change in one arm? 
Solution: 
The ratio of 
R detector 500000 
= = 200 
Rarm 2500 
From the curve of Fig. 4: 
V detector 2.49 millivolts/volt input; 
per cent unbalance 
1 





The per cent unbalance is x 100 





2500 

= .04 per cent. 

The bridge input voltage is 6 volts 
RMS. 

The amplifier input voltage is there- 
fore: 

V amplifier input = (2.49)(.04)(6) = 

0.598 millivolts RMS 


The Effect of Unbalanced Capacitance 
On the Sharpness of Resistance Balance 


Resistance type strain gage bridges 
have capacitance contamination due to 
conditions beyond the control of the 
operator such as the extreme length of 
the leads. The proper thing to do, of 
course, is to insert sufficient capaci- 
tance in parallel with the proper arm of 
the bridge to balance out the undesired 
capacitive contamination. Sometimes 
this contamination is ignored; but this 
greatly reduces bridge sensitivity. When 
the bridge is used unbalanced, this con- 
tamination may cause excessive non- 
linearity. 


The effects of unbalanced capacitance 
in parallel with one arm of a resistance 
bridge are shown in the curves of Fig. 
5, which assume the detector has a high 
impedance. The current delivered to a 








low impedance can be found by divigi 
the voltage shown on the curve by the 
sum of the detector resistance plus the 
resistance per arm. This sum is g 
stant for any bridge; thus the detector 
current will show the same per 
variation as the voltage. Table I shows 
how small a capacitance can Cause 
trouble in bridges operated at high fre. 
quencies with large values of resistance 
per arm. 


The Sensitivity of an Equal Arm 
Resistance Bridge (With Two Arms 
Shunted by Capacitance) To a 
Capacitive Unbalance and to a 
Resistive Unbalance 


The effect of a capacitive unbalance 
in a bridge circuit of this type is show, 
in Fig. 6. This curve shows that the sep. 
sitivity of the bridge to capacitive yp. 
balance is considerably less than to re. 
sistance unbalance for the high ratios 
of X./R that are usually found as 
capacitive contaminations in_ straip 
gage bridges. This does not mean that 
a capacitance balance is difficult to ob- 
tain or any less necessary. It merely in. 
dicates that the precision of balance ob- 
tainable with a given detector is much 
less for a capacitive unbalance than for 
a resistive unbalance. This is of minor 
consequence if the resistance is the 
principal quantity being measured and 
of major consequence if capacitance is 
being measured. 

Fig. 7 shows a similar relationship 
for resistive unbalance in the same 
bridge. This indicates that for the high 
ratios of Xc/R usually found in strain 
gage bridges, the shunting effect of the 
capacitors has no effect on the resistive 
balance sensitivity. The resistive bal- 
ance sensitivity does not decrease until 
the value of C becomes so large that the 
bridge might better be termed a capati- 
tance bridge rather than a resistance 
bridge. 

Since the output voltage produced by 
a given capacitive unbalance is small in 

Xe 
the bridge having a high —— ratio, 
R 


adjusting to a capacitive balance is diff- 
cult. The technique in these bridges is ® 
take advantage of the resistive balance 
sensitivity by making use of the fact 
that a sharp resistive balance is obtait- 
able only with a true capacitive balance 
as was shown in Fig. 5. 


The Myth of Impedance Matching 
Textbooks and articles often use col 
siderable space warning the reader of 
the necessity of matching the detector 
to the bridge. One widely used electrical 
measurements textbook has an aston- 
ishing number of problems requiring 
the student to determine the galval- 
ometer resistance needed to match & 
bridge having resistance arms of valk 
ous sizes. There is a strong implication 
that this is an important factor ™ 
choosing the galvanometer for 4 d-c 
bridge. Actually, it is unusual for @ gal- 
vanometer to be chosen because its 6 
resistance matches the bridge resist 
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lance chosen to match a bridge, it is quite 
- fact likely that it will be so sluggish and 
ytain- overdamped as to discourage the user. 
lance rT Ordinarily, it is more important to 
ry | match the critical damping resistance 
ort. Tere YT. tt than it is to match the coil resistance. 
TT tt a Fig. 8 shows the effect of mismatch 
: Con riiytstitl iN on detectors of any given class with re- 
er of ccc a spect to power sensitivity. (Power sen- 
ector TTT At T sitivity of a detector is the ratio of its 
trical power input to the deflection it gives 
ston- ce Bie oa (Whee Chet power input. For d-c galvan- 
uring ee ee ometers, the power sensitivity is usually 
Ivan- Fig. ee showing the effect of — given in microwatts per mm. deflection. 
ch 8 i. a. oo bridge and detector ‘T.. curve, however, applies for a-c de- 
vol 3 wi tectors as well as d-c.) The curve shows 
—_ = that a mismatch of 5 to 1 will cause 
rin ance, to give satisfactory operation. only a 25 per cent drop in output. 
| de z The external critical damping resist- The bridge user should be warned 
Le ance of d-c galvanometers is usually against trying to match an a-c bridge 
4 two or more times as large as the coil to a detector by installing a matching 
sist resistance. Thus, if a galvanometer is transformer between the bridge output 
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and the detector. This may cause more 
loss than gain. Transformer losses at 
the low levels used may actually cause 
less output signal than is obtained by 
direct coupling, especially if the origi- 
nal mismatch is not too great. The coup- 
ling transformer is a two way street— 
it can send energy in either direction 
and may, therefore, feed back into the 
bridge circuit extraneous contaminat- 
ing ‘signals from a poor detector which 
covers up the true null point. The capac- 
itance to ground, introduced in parallel 
with the bridge arms, may alter bal- 
ance. 


The transformer windings may form 
a resonant circuit with a capacitance in 
either the bridge or the detector with 
strange and weird results. For example, 
one commercial cathode ray oscillo- 
graph will display very pretty decaying 
transient oscillations on its screen if 


‘an inductance is connected to the verti- 


cal input. This display is due to an un- 
intentional coupling between the sweep 
circuit and the vertical amplifier input. 
With each sweep, the loop consisting of 
the inductor and the input capacitor and 
resistor is pulsed, causing an oscilla- 
tion at the natural resonant frequency 
of the inductor and capacitor. Since this 
oscillation is initiated by the sweep, a 
steady transient is portrayed on the 
screen. This oscillograph, when used as 
a detector for a bridge with inductive 
arms, displays, near balance, the nor- 
mal output wave submerged in the tran- 
sient oscillation. 


Damping of d-c Galvanometers 
Used in Bridge Circuits 

Galvanometers and detectors fall into 
certain classes with regard to power 
sensitivity; thus, all models of a par- 
ticular type of galvanometer will have 
approximately the same power sensi- 
tivity (microwatts of power required 
for 1 mm deflection). Typical galvan- 
ometers in the line of one manufacturer 
are listed in Table II. These galvan- 
ometers consist of: group (1)—a gen- 
eral purpose inexpensive pointer type 
galvanometer; group (2) —a _ better 
grade of pointer galvanometer; and 
group (3)—a box galvanometer with a 
self contained light source and translu- 
cent scale upon which the light beam 
pointer projects an index line. 


Note that there are only two of these 
galvanometers with CDRX’s of less 
than twice the coil resistance and in 
most cases the CDRX is four or more 
times the coil resistance. The damping 
resistance seen by any galvanometer 
used with a bridge is the bridge resist- 
ance. If this bridge resistance equals the 
CDRX of the galvanometer chosen, the 
galvanometer will be dead beat or will 
come to rest in the shortest possible time 
without oscillating. If the bridge resist- 
ance is much less than the galvanometer 
CDRX, the galvanometer will be slug- 
gish; and a very long time is required 
for the galvanometer to change its indi- 
cation. If the bridge resistance is much 
greater than the CDRX, the galvanom- 
eter will oscillate and may require an 
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appreciably long time to come to a 
steady deflection. Generally, galvanom- 
eters will give quite satisfactory opera- 
tion for damping resistances that range 
from equal to CDRX to about twice the 
CDRX. The damping of a galvanometer 
may be improved by adding resistance 
either in series or parallel to give the 
circuit the galvanometer sees a value 
approximately equal to the CDRX; how- 
ever, this alters the output produced by 
a given bridge unbalance. 

Example 4: 

An equal arm bridge has a resistance 
ef 250 ohms per arm. The voltage ap- 
plied to the bridge is 3 volts. Find the 
best galvanometer to use with this 
bridge from the list of galvanometers 
in Table II, taking into account both 
sensitivity and damping. Assume that 
a 0.1 mm deflection can be observed on 
any of the galvanometers. 

Solution: 

Galvanometer 2d in Table II matches 
the bridge. For this galvanometer the 
ratio of “detector/*arm is 1.0. From the 
curve of Fig. 4, the detector voltage per 
volt input per per cent unbalance is 1.25 
millivolts or 1250 microvolts. The detec- 
tor current is therefore 1250 microvolts/ 
250 ohms or 5 microamperes per volt 
input per per cent unbalance. A 3 volt 
input means that the detector current 
would be 3 times 5 or 15 microamperes 
for a 1 per cent or 2.5 ohm unbalance. 
Since a current of .25 microamperes 
gives 1 mm deflection, a 0.1 mm deflec- 
tion can be detected. The minimum cur- 
rent observable is .025 microamperes. 
The minimum change in resistance that 
can be observed is (.025/15) X 2.5 ohms 
or .00416 ohms; but since the bridge re- 
sistance of 250 ohms is so much less than 
the 1800 ohm CDRX of the galvanom- 
eter, it would be so badly overdamped 
as to be almost impossible to use. 

To critically damp the galvanometer, 
a resistance of 1800-250 ohms or 1550 
ohms is needed in series with the gal- 
vanometer. The current for this new 
value of detector resistance can be 
found thus: the ratio of detector to arm 
resistance is 1800/250 or 7.2. From Fig. 
4 the detector voltage is 2.2 millivolts 
or 2200 microvolts. The detector current 
is now 2200/1800 or 1.22 microamperes 
per volt input per per cent unbalance. 
Thus, for a 1 per cent or 2.5 ohm unbal- 
ance with 3 volts applied, the current is 
38 X 1.22 or 3.66 microamperes. The 
minimum change in resistance that can 
be detected is (.025/3.66) X 2.05 ohms 
or .017 ohms. Thus, to obtain satisfac- 
tory damping and fast operation, the 
sensitivity had to be cut by a factor of 
five. Table III shows the results of re- 
peating the above solution for each of 
the galvanometers of Table II. 


The General Wheatstone Bridge 


The general wheatstone bridge, with 
any value of resistance in any arm, is 
also capable of a rather simple solution. 
The output voltage, with the bridge open 
circuited or supplying a high impedance 
detector, is given by the curve labeled 
V. in Fig. 9. This voltage is a function 
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Fig. 9. Curves showing the effect of the vertical ratio on the open circuit out oltage 
and the bridge resistance constant. = 


of the vertical ratio, the input voltage, 
and the per cent unbalance. If the bridge 
is used with a high impedance detector, 
the detector input voltage can be deter- 
mined by multiplying the value of V., 
from the curve of Fig. 9, by the input 
voltage and the per cent unbalance. 
Example 5: 

A bridge has arms as follows: R, 
equals 10, Rs equals 1000, R equals 5000, 
Rx equals 50. The detector is a vacuum 
tube voltmeter with an input impedance 
of 1 megohm and a minimum range of 
30 millivolts RMS full scale. The volt- 
meter scale has 60 divisions and can be 
read to 0.1 division. How much input 
voltage must be supplied to this bridge 
to enable it to detect a 0.1 ohm change 
in R? 

Solution: 

Since a 0.1 division deflection is ob- 
servable, the minimum voltage this me- 
ter can detect is 50 microvolts. Fig. 9 
indicates that for this bridge, with a 
vertical ratio of 5, the output voltage is 
about 1400 microvolts per volt per per 
cent unbalance. The per cent unbalance 
is .1/5000 < 100 or .02 per cent. There- 
fore: 

V input xX per cent unbalance X V, 
equals bridge output voltage 


50 microvolts per volt input 
per per cent unbalance 





Vinput equals 
1400 microvolts X .02 per cent 
50 
equals — or about 2 volts RMS 
28 
input to the bridge is needed to achieve 
this sensitivity. 

If a bridge is used on d-c or with a 
low impedance detector such as head- 
phones, the detector current may be ob- 
tained by* dividing the output voltage 
from Fig. 9 by the sum of the bridge 
resistance and the detector resistance. 
Two constants Ke and K are plotted in 
Figs. 9 and 10 to simplify the process of 
computing the bridge resistance. This 
bridge resistance is also the resistance 
which damps the galvanometer. The 


bridge resistance is the product of the 
largest resistance in any arm and the 
two constants K and Ke. These con 
stants relate the effects of the horizontal 
and vertical ratios on the bridge resist. 
ance. It should be noted that while the 
vertical ratio may be either greater or 
less than 1, the horizontal ratio is 9 
chosen that it is always equal to or 
larger than 1. 

Example 6: 

A d-c bridge has arms as follows: R, 
equals 2500, Rs equals 10,000, R equals 
1000, and Rx equals 250 ohms. This 
bridge is used with a source of 1.5 volts 
and a galvanometer of 20 ohms having 
a sensitivity of .1 microampere per 
millimeter and an _ external critical 
damping resistance of 80 ohms. Deter- 
mine the galvanometer deflection pro- 
duced by an unbalance of 1 ohm in the 
R arm, and determine how satisfactory 
the damping of this galvanometer wil 
be 


Solution: 








R 
The vertical ratio is — equals 
Rz 
1000 
equals 0.1 
10,000 
Rs 
The horizontal ratio is — equals 
Ra 
10,000 
equals 4 
2500 


From Fig. 9, Ke is .091, V. is 825 micre 
volts per volt input per per cent un 
ance. A 1 ohm unbalance in a 1000 ohm 
arm is a 0.1 per cent unbalance, there 
fore, the open circuit bridge voltage i&: 
1.5 volts X 0.1 per cent X 825 mict& 
volts per volt input per per cent u 
ance equals 124 microvolts. 
From Fig. 10, the value of K is 1.25. Tt 
bridge resistance is therefore equal @ 
the resistance of the largest am 


(10,000) times the constants K and Kp 
(10,000) (.091) (1.25) equals 1140 ohms 
The galvanometer current is the open 
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output voltage divided by the 
of the bridge resistance and the 
meter resistance. The galvan- 


ometer current is therefore: 
124 microvolts 





1140 plus 20 ohms 
equals .107 microamperes 


Therefore, the galvanometer will de- 
fect slightly over 1 mm. for a 1 ohm 
unbalance. 

The damping will be poor because the 
1140 ohm damping resistance is so much 
larger than the 80 ohms desired. To cor- 
rect this, add a 90 to 100 ohm resistor 
in parallel with the galvanometer. This 
added damping resistor would reduce 
the deflection by about 20 per cent. 


The Unbalanced Operation of Bridges 
Most of the material thus far as- 
sumed the bridge was intended to oper- 
ate balances. There are certain uses for 
bridges where an unbalanced operation 
js used in order to achieve certain re- 
sults. (For example—the dynamic 
measurement of strain.) The bridge ac- 
quires many limitations when it is used 
in this manner. Among the limitations 


1. The bridge source must be a con- 
stant voltage source, for variations in 
source voltage will be directly trans- 
mitted to the output and appear as cor- 
responding percentage changes in the 
output. 

2. Bridges used on a-c should be 
capacitively balanced to insure linear- 
ity and to reduce the amount of the 
initial unbalanced output to be sup- 
pressed. (If zero suppression is used.) 

8. Bridge output transformers are re- 
quired if several bridges are being oper- 
ated simultaneously from a _ single 
source. 

4. The range of variation must be 
kept small if linearity is required. 

5. An unbalanced bridge using tem- 
perature sensitive arms loses a portion 
of its temperature compensation. 

6. Contamination must be eliminated 
particularly if the amount of contami- 
nation varies with the amount of impe- 
dance in the variable arm. 

Example 7: 

A bridge consisting of four resistance 
wire type strain gages of 120 ohms each 
operates at 1000 cycles per second with 
4 source voltage of 5 volts. The bridge 
has one active gage. The gage increases 
i resistance 1 per cent for each 0.5 per 
cent elongation. (Gage factor of 2.) The 
setup is designed to dynamically meas- 
ure strains using an unbalanced bridge. 

initial unbalance is 1 per cent, and 
the addition of load causes the bridge to 
approach balance. The strains to be 
measured vary from 0 to 2000 micro- 
inches per inch. What is the effect 
caused by a 5 per cent drop in source 
Voltage occurring after the bridge has 

calibrated ? 


Solution : 
From Fig. 2, the bridge output is 2.5 


Its per volt input per per cent 
ce. The 1 per cent initial unbal- 
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ance with 5 volts applied gives an out- 
put voltage of 2.5 mv/volt/per cent 
times 5 volts times 1 per cent or 12.5 
millivolts. For 2000 microinch per inch 
(0.2 per cent) strain, the resistance 
change is 0.4 per cent. The unbalance 
for this strain is 0.6 per cent and the 
output is 2.5 mv/volt/per cent times 5 
volts times 0.6 per cent or 7.5 millivolts. 
A voltage decrease of 5 per cent to 4.75 
volts causes the zero strain value to 
become 11.88 millivolts and the 2000 
microinch per inch strain output to be 
7.13 millivolts. On the basis of the orig- 
inal calibration the zero strain would be 
read as 250 and a strain of 2000 would 
be read as 2140 microinches per inch. 
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Fig. 10. Curve showing the horizontal 
bridge resistance constant as a function of 
the horizontal ratio. 


The Basic Facts About Bridges 


(1) No d-c bridge is balanced unless 
its output is zero. In some a-c bridges 
having non-sinusoidal input voltages or 
non-linear arm impedances, harmonic 
voltages of considerable magnitude may 
appear in the output. These harmonic 
voltages and currents remain even 
though the bridge is balanced for the 
fundamental frequency. The usual tech- 
nique of adjusting for minimum voltage 
output or for zero average output in 
these bridges is dangerous. The only 
true measure of balance is a zero fun- 
damental frequency component in the 
output. Bridges which do not readily 
adjust to balance should have their out- 
put waveform examined to make sure 
the cause is harmonics and not contam- 
ination. 

(2) The most sensitive resistance 
bridge is always the one with four equal 
arms, if the detector has a high resist- 
ance and is voltage sensitive. (This also 
assumes the allowable power dissipa- 
tion of all arms is the same. If two 
arms R, and Rs can have a greater 
power dissipation than R and Rx, the 
use of an increased voltage and larger 
values for R, and 2, will increase the 
output.) 

(3) The output of a bridge is directly 
proportional to the input. Doubling the 
input voltage doubles the output current 
or voltage. 

(4) Less contamination will occur 
with a-c bridges if no output trans- 
former is used to couple the bridge to 
the detector. 

(5) Contamination in any form im- 
pairs sensitivity and linearity of the 
bridge output vs. unbalance curve. 


(6) Matching of bridge impedance 
and detector impedance is not usually 
required for the average bridge. 

(7) Sixty cycle bridge input voltages 
are to be avoided, because the bridge 
may have 60 cycle contamination which 
cannot be detected or eliminated. 

(8) A-c bridges having very low 
bridge arm impedances (10 ohms or 
less) should be avoided. The same is 
true of arms over 10,000 ohms. 

(9) The power dissipation of the va- 
rious bridge arms should be kept to a 
minimum. This means the lowest input 
voltage consistent with adequate sensi- 
tivity should be used. 


Bridges are really amazingly precise 
and sensitive measuring devices in the 
hands of a competent technician. A 
good man can get from two to ten times 
the results from a bridge that the aver- 
age technician can, because he has the 
techniques at his fingertips. Articles 
such as this may help in assembling 
and using bridges, but unfortunately, 
there is no substitute for experience! 


APPENDIX A 
DEFINITIONS 

In this paper the following definitions 
apply: 

Bridge—A bridge (Fig. 1) is a four- 
terminal network capable of being bal- 
anced. 

Bridge arm—the portion of a bridge 
network between two adjacent termi- 
nals. 

Bridge input—the voltage applied to 
the bridge (Vs, Fig. 1). 

Bridge output—the current or voltage 
of the detector branch of the bridge net- 
work. 

Balance—the condition existing in a 
bridge when the magnitude of the (d-c) 
resistances or (a-c) impedances are 
proper to give a zero output voltage or 
current. When this condition is obtained, 
the values of the resistances or impe- 
dances satisfy the bridge equation which 
has been derived on the assumption of 
zero output. 

Unbalance—If the arm impedances do 
not have the proper magnitudes to sat- 
isfy the bridge equation, the bridge is 
unbalanced. Some bridges are deliber- 
ately operated unbalanced and the vari- 
ations in output voltage or current are 
used as a measure of the change in 
magnitude of a particular bridge ele- 
ment. 

Resistance balance or resistive bal- 
ance—is the condition existing in an a-c 
bridge when the resistance elements are 
of the proper magnitude to satisfy the 
conditions of the bridge equation. An 
a-c bridge that has both resistance and 
reactance elements cannot be adjusted 
to balance unless both the resistance and 
reactance elements have the proper val- 
ues simultaneously. If the capacitive 
reactance elements are not adjusted to 
the proper value for balance and the 
resistance elements are being varied, 
the detector will indicate a minimum for 
some value of the variable. The values 
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of arm resistance for which this mini- 
mum occurs do not satisfy the basic 
bridge equation except in the equal arm 
bridge. However, the adjusting of the 
resistances to this minimum is often re- 
ferred to as obtaining a resistance bal- 
ance. The general procedure for obtain- 
ing balance in an a-c bridge is to 
successively adjust the resistance and 
reactance to smaller and smaller minima 
until a zero detector indication is ob- 
tained. 


Capacitive balance or capacitance bal- 
ance—the condition existing in an a-c 
bridge when the capacitance elements 
are of the proper magnitude to satisfy 
the conditions of the bridge equation. It 
has similar limiting conditions to those 
just enumerated for the resistance bal- 
ance defined above. 


Bridge resistance | 
Bridge impedance § 
impedance between the output terminals 
(Terminals 2 and 4, Fig. 1) with the 
source terminals (1 and 3) shorted. 
Z Zx 
Vertical ratio — or — (See Fig. 1) 
Zs Za 


Note that in this paper the input volt- 
age is always applied to the upper and 
lower terminals. For the analysis to be 
correct the bridge must be connected 
and labeled in the same manner as that 
of Fig. 1. When the term, vertical ratio, 
is mentioned, the ratio of any two arms 


—the resistance or 


in series across the input is meant. In 
most commercial bridges the A and B 
arms are powers of 10, so for these spe- 
cial cases the computation of the ratio 
can be made mentally. 


Za Zs 

Horizontal ratio — or —, whichever 
Zs Za 

of these two ratios is greater than one. 


Per cent unbalance—The per cent un- 
balance is the per cent by which the 
impedance, or resistance, of the arm 
being varied deviates from that value 
which would balance the bridge. (This 
assumes only one arm is being varied.) 
If two opposite arms are being varied 
simultaneously (often done in strain 
gage bridges) the per cent unbalance is 
the sum of the per cent unbalances of 
the two arms. 


Contamination—In a bridge, the term 
contamination refers to any output not 
due to bridge unbalance. 

60 cycle contamination—the appear- 
ance in the output of a bridge of a 60 
cycle voltage or current caused by the 
bridge elements or detector being either 
electrostatically or electromagnetically 
coupled to the 60 cycle power system. 


Detector—the device sensitive to volt- 
ages or currents used to determine the 
magnitude of the bridge output. The 
bridge is considered balanced when the 
detector indication is zero. 

Precision of balance or Sensitivity of 


1. Basic Electrical Measurements, M. B, Stout, 





balance—the degree to which g » 
combination of source, bridge, and 
tector can be adjusted for balance. 
can be expressed in a number of 
such as the per cent magnitude ¢ 

in a particular bridge element 
gives the minimum observable 
output with a given voltage applied, 
Note that it is depenedent on al] three 
items: source voltage, minimum observ. 
able detector input, and the per gen 
change in the bridge element or de 
ments. 


ie 


Noise—is the existance in a detects 
of a randomly varying output withoy 
a corresponding bridge input. This dé 
tector characteristic limits the precision 
of balance because when the bridge og} 
put voltage or current produces a é& 
tector indication of comparable magn. 
tude to the noise indication, it become 
difficult to separate the output from the 
noise. 

Capacitive contamination — (term 
usually applied to resistance bridges) 
is a bridge output caused by small stray 
capacitances between bridge elements or 
capacitances within a bridge element, 
These produce a capacitive unbalang 
even though the resistive elements may 
be balanced. 
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TABLE I 
C IN MICROFARADS FOR THE BRIDGES INDICATED 
Frequency 400 cps | 1000 eps 4000 cps 
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2b 16 30) 1 16 45 .064 160 | 30 .0083 34-P 10.9 044] 110/20.6 | .012 4|0 
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"Kick Off’’ Luncheon at Philadelphia May 27 


John C. Koch, Chairman of the Phil- 
adelphia Host Committee for the In- 
strument Society of America First In- 
ternational Instrument Congress and 
Exposition announces the “Kick-Off” 
Luncheon will be held May 27 in the 
ballroom of the Barclay Hotel, Phila- 
delphia, Pa. 

R. G. Rincliffe, President of the 
Philadelphia Electric Company, is 
Chairman of the Sponsoring Commit- 
tee. Serving with Mr. Rincliffe are 
Gaylord P. Harnwell, President of the 
University of Pennsylvania; Edward 
Hopkinson, Jr., Senior Partner, Drexel 
& Company; William L. Day, President 
of the Pennsylvania Company for 


Banking and Trusts; Chalmers Kirk- 


bride, President, of Hondry Process 
Corporation; Henry F. Dever, Presi- 
dent, Brown Instrument Division, 


Minneapolis-Honeywell Regulator Com- 
pany; Granville M. Read, Chief Engi- 
neer, E. I. du Pont de Nemours & Com- 
pany, Inc.; Geoffrey S. Smith, Presi- 
dent, Girard Trust Corn Exchange 
Bank, and I. Melville Stein, President 
of Leeds and Northrup Company. 

W. A. Wildhack, President of the In- 
strument Society of America will ad- 
dress the meeting on behalf of the 
Society. Mr. Rincliffe will speak for 
the Instrument User and Mr. Dever 
for the Instrument Industry. 


Philadelphia, Pa. 








Philadelphia Wins 
Clean Up ‘Oscar’ 


The City of Philadelphia, host to the 
First International Instrument Cg. 
gress and Exposition, September 4 
through 24, has received its seventh 
consecutive award for being the “clegp. 
est city of more than a million popule 
tion in the United States.” 

Presentation of an “Oscar” to the 
city for this achievement was made 
recently by the National Clean 
Paint-Up, Fix-Up Bureau, Washington, 
D. C. 

— ISA — 

Good instrument men are skillion 

aires. 





- Governor Fine and Philadelphia Officials Invite Instrument 


| Industry to ISA Convention 



















TO THE ENGINEERS AND SCIENTISTS GF THE WORLD: 


As Governor of the © 


Inte rnational Instrument Congress and — on 
in Philadelphia, September 1} to 25, 19 
Philedelphia is not only the birthplace 
of the United States of America, but is also the 
cradle of the American Instrument industry. 


The entire Commonwealth of Pennsylvania 
and the City of Philadelphia are anticipating 
the great privilege of serving the engineers and 
tists of the - rid at the First Internstional 
Tactrunent ongress and Exposition. 


With best wishes, 
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In recognition of the importance of the First Internation- 
al Instrument Congress and Exposition, as an international 
event of paramount importance, letters of invitation re- 
produced above have been written by the Honorable John 


Fine, Governor of Pennsylvania, the Honorable Joseph § 
Clark, Jr., Mayor of the City of Philadelphia, and Mr. J. 
Harry LaBrum, President of the Chamber of Commeree tl 


Greater Philadelphia. 
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International Luncheon Extends Invitations to 32 Countries 
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REPRESENTATIVES OF FOREIGN COVERNMENTS, U. S. Government agencies and officials of the Instrument Society of America attending the 
luncheon which announced the First International Instrument Congress and Exposition and extended invitations to the people of all “free” countries. 
Outside Row from Left to Right: K. V. Makela (Finland), J. Wilder, H. A. Zaki (Egypt), G. M. Rolls, Yassin Zakaria (Syria), A. Wexler, lim 
Kadul (Cambodia), Or. Robert Baier (Austria), Dr. Charles V. Kidd, H. Polak (Netherlands), Dr. William Brombacher, R. C. Shuttleworth (Union of 
South Africa), Lawson M. McKenzie, C. D’Albes (France), Dr. C. E. Sunderlin (Deputy Director, National Science Foundation), J. Humbert (France), 
Dr. A. V. Astin (Director, National Bureau of Standards), Johan Cappelen (Norway), William A. Wildhack (President, Instrument Society of America), 
Dr, Paul E. Klopsteg (Associate Director, National Science Foundation), Julien Goens, (Belgium), Bertil Sward (Sweden), Lt. Col. Kent Parrot, C. P. 
Caranecas (Greece), E. J. Grace, Nelson Gildersieeve, Shoichi_Inouyre (Japan), Dr. Hector Esteves (Venezuela), Dr. A. Henley, Julian Saenz (Mexico), 
D. C. Lloyd, Fritz Real (Switzerland), Jose U. Jovellanos (Philippines), W. A. Wildhack, Jr. 

Inside Row from Left to Right: Miss Martha Rimbach, M. Reufels (Germany), Richard Rimbach, J. C. Greene, Charles Empson (Great Britain), Prof. 
Robert J. Jeffries, L. E. Wood, His Excellency Clarence Simpson (Liberia), R. L. Goetzenberger, Luis F. Jiminez (Costa Rica), Dr. W. W. Atwood, Jr., 
(Director Office of International Relations, National Academy of Sciences), R. M. Noloderdjo (indonesia), Dr. William Marger, Gustavo A. Guerrero (El 
Salvador), Vaga Hoelgaard (Denmark), John Green (Acting Director, Office of Technical Services, Department of Commerce), Dr. Antonio Matias 
(Portugal), C. O. Fairchild, Juan R. Parellada (Spain), Walter Rudolph, Dr. Emilio Pando (Cuba), E. A. Capelle, A. R. Khosla (India), Dr. Watson 
Davis, His Excellency Anebal Jara (Chile), R. L. Taylor, J. D. Babbett (Canada), P. V. Jones, Jr., and Dr. H. Droege (Germany). 
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Six Nations to Have Consolidated Exhibit at Philadelphia 


Invitations to attend the First International Instrument 
Congress and Exposition at Philadelphia in September were 
extended to scientists and engineers of 32 foreign countries 
by Instrument Society of America President William A. 
Wildhack, presiding at the International Luncheon held 
April 1, in the Statler Hotel, Washington, D. C. 

Representatives from the Embassies and United States 
Government were given an outline of the plans made to 
date. Special invitations to foreign countries through their 
Embassies have been prepared in French, German, Portu- 
gese and Spanish. 

Richard Rimbach, Managing Director of the Ccongyess 





and Exposition reported on the progress of the Society’s 
plans and announced that consolidated exhibits will be ar- 
ranged by England, France, Germany, Japan, Sweden and 
Switzerland. 

Percy V. Jones, Jr., Society Manager, outlined the aims 
and objectives of the Society and the services offered to the 
membership. 

Mr. Rimbach announced that members of the Society 
who desire to send invitations to foreign countries may have 
copies of the special invitations in the desired language. 
The four-page foreign invitations, size 8 x 11 inches are 
illustrated below. 
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the Chairmen.—Editor. 


Sections and Membership 
Committee 


The Sections and Membership Com- 
mittee was one of the original comniit 
tees set up by the Instrument Society 
of America at the time of its forma- 
tion. The Committee has continued to 
function in the same scope of responsi- 
bility since its inception. 

The Committee which serves as a 
contact between the individual Sections 
and the Executive Board, consists of a 
Chairman, a Vice Chairman and one 
member for each of the geographical 
districts. 

The Committee is responsible for 
promoting the formation of new Sec- 
tions and for assisting existing Sec- 
tions to maintain strong meeting pro- 
grams and a healthy growth in mem- 
bership. 

To accomplish this each Committee 
member tries during the year, to at- 
tend at least one meeting of each Sec- 
tion in his district, to familiarize him- 
self with their operation. 

In order to assist the Sections within 
his district he maintains informational 
files on available speakers, films, by- 
laws of other Sections, typical meeting 
notices and activities of various Sec- 
tions, as well as the activities of Na- 
tional Society Committees. 

The Committee members are con- 
stantly alert to locations for possible 
new Sections within their geographical 
areas and, to the best of their abilities 
they assist in the formation of new 
Sections. 

Committee members send periodic 
progress reports on their activities to 
the Chairman of the Sections and Mem- 
bership Committee who in turn reports 
to the Vice President in charge of the 
General Relations Division. 

The Committee has been responsible 
for the information of many of the 
present Sections and has given many 
Sections the benefit of their counsel 
and advise. 

Committee members are listed by 
geographical districts and the Sections 
in each district are listed under the 
Committee member’s name: 


Mifflin S. Jacobs, Chairman 
810 Noblestown Road 
Carnegie, Pennsylvania 


J. H. Cottrell, Vice Chairman 
P.O. Box 1807 


Tulsa, Oklahoma 
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This series is intended to describe the objectives, organization and programs of the various National Committees of 
the Society. Over four hundred and fifty individuals are currently participating in committee work relating to all 
aspects of the Society’s technical and operational activitizs. 
Executive Board who coordinates the programs of several committees and acts as their liaison representative with 
the National Officers of the Society. Subsequent issues of ISA JOURNAL will describe the programs and organiza- 
tion of other committees. Inquiries concerning membership or activities of specific committees may be directed to 


| Ralph C. Schwarz 
Granite Building 
Rochester, N. Y. 
ROCHESTER 
CENTRAL NEW YORK 
NIAGARA FRONTIER 


2 Don Davies and H. H. Barnum 
P.O. Box 4712 
Redford Street 
Detroit, Michigan 
DETROIT 
TOLEDO 
WAYNE COUNTY 
KALAMAZOO VALLEY 


3 J. H. Cottrell 
P.O. Box 1807 
Tulsa, Oklahoma 

KANSAS CITY 
ST. LOUIS 


NORTH TEXAS 
PANHANDLE 
ALBUQUERQUE 
PERMIAN BASIN 
WICHITA 


4 A. A. Anderson 

2136 Rockledge Road 

Hollywood 28, Calif. 
LOS ANGELES 
RICHLAND 
NORTHERN CALIFORNIA 
PORTLAND 
SEATTLE 


5 W. C. Ruglass 

| Marion Ave. 

Claymont, Delaware 
BALTIMORE 
PHILADELPHIA 
CENTRAL KEYSTONE 
WILMINGTON 
WASHINGTON 


6 R. L. Springfield 
5045 Fieldwood 
Houston 19, Texas 

ARK-LA-TEX 
BATON ROUGE 
LAKE CHARLES 
SABINE-NECHES 
SOUTH TEXAS 
HOUSTON 
NEW ORLEANS 


7 T. W. Waldrup 

Box 1308 

Atlanta, Georgia 
OAK RIDGE 
NORTHEAST TENNESSEE 
ATLANTA 
TULLAHOMA 
BIRMINGHAM 
CAROLINA PIEDMONT 
SAVANNAH RIVER 
MUSCLE SHOALS 
OGLETHORPE 
TAMPA BAY 


8 Gordon D. Carnegie 
King Instrument Co. 
9606 Kirkwood Avenue 
Cleveland 2, Ohio 
CLEVELAND 
AKRON 
PRESQUE ISLE 
9 E. Roy Meyers 
427 Temple Bar Bldg. 
Cincinnati, Ohio 
CINCINNATI 
LOUISVILLE 
PADUCAH 
CENTRAL INDIANA 
COLUMBUS 
SCIOTO VALLEY 





Each National Committee reports to a member of the 





10 Frank Fuzzard 
2882 W. Liberty Avenue 
Pittsburgh, Pa. 
PITTSBURGH 
CHARLESTON 
CENTRAL OHIO VALLEY 
CUMBERLAND 
11 Open 
BOSTON 
EASTERN NEW YORK 
12 J. J. Burnett 
4546 Oakton Street 
Skokie, Illinois 
CENTRAL ILLINOIS 
FOX RIVER VALLEY 
NORTHERN INDIANA 
CHICAGO 
TWIN CITIES 
MILWAUKEE 
14 Harry M. Wilton 
14] Elworthy Avenue 
London, Ontar Canada 
MONTREAL 
SARNIA 
TORONTO 
EDMONTON, ALBERTA, CANADA 
IS J. L. Lopez 
P. O. Box 203 
c/o Lago Oil & Transport Co. 
Aruba, Netherlands 
West Indies 
ARUBA 


Open 
BLUE RIDGE 


pen 
NEW JERSEY 
NEW YORK 
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MIFFLIN 8S. JACOBS 
SECTIONS AND 
MEMBERSHIP COMMITTEE 


Mifflin S. Jacobs, President of M. S. Jaco 
& Associates Inc., Equipment Engineers and 
Consultants, Carnegie, Pa., is a charter mem 
ber of the Instr 
ment Society 
America, now set 
ing as Chairman of 
the Sections and 
Membership Com 
mittee. 

As an honor st 
dent of the Univer 
sity of Pit 
he received his BS 
degree in M 
cal Engineering i 
1924. He sold i» 
struments in 
“twenties” for Re 
public Flow Meter 
and later for Brows 
Instrument 
1944 he worked 
Koppers Co., in the 
Engineering am 
Purchasing Departments and from 1941 ® 
1945 he was an Instrument Engineer for 
company. He organized his own business is 
1945 and his firm represents a number of 
known instrument manufacturers. In 1 
he founded Equipment and Controls Engi 
neers, Inc., as Instrumentation and Contr 
Consultants. 

“Miff” Jacobs has served the Society @ 


several years on the Sections and Mem 
Committee and the Nominating Committe, 
and in many capacities for the Pi 
Section. 


He is a member of the Pennsylvania Soci 
of Professional Engineers and the 
Society of Mechanical Engineers. 

His son, Jack, formerly a member of tH 
Oak Ridge Section and employed with 
AEC, is now associated with the firm. 
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fducational Committee 


The National Educational Committee 
to advance the art and science of 
entation through the stimula- 

of and conductive training and 
educational programs for ISA members 
and others, in all the various aspects 
of Instrumentation and at all levels. 


To implement its program the Com- 
mittee is organized into three operat- 
ing divisions; a Division of Vocational 
training under the chairmanship of 
M. B. Hall, The Foxboro Company, a 
Division of Collegiate Studies under R. 
J, Jeffries, Michigan State College, and 
a Division of Special Projects. 


The Division of Vocational Training 
has the responsibility for coordination, 
continuity and policy with respect to 
the vocational clinics conducted by 
various groups within the Society. This 
liasion is effected by dual membership 
on the part of the responsible indivi- 
dual on both the sponsoring committee 
within the Society and the Educational 
Committee. George A. Larsen, for ex- 
ample, is a member of both the Instru- 
ment Operation and Maintenance Com- 
mittee which conducts the Annual In- 
strument Maintenance Clinic and the 
Educational Committee. Axel H. 
Peterson, who heads the Analysis 
Clinic is also a member of the Educa- 
tional Committee. 


Also within this Division are sub- 
committees conducting specific educa- 
tional surveys in ceoperation with local 
Section Educational Committees. R. J. 
McCausey, Deiroit Edison Company, is 
directing a survey of non-credit educa- 
tional programs in Instrumentation 
available over the country. The results 
of this survey will provide answers as 
to who is doing what, and to whom in- 
dividuals and companies can appeal 
when seeking information as to specific 
courses and experiences. It is also 
hoped that this material will serve as 
a stimulant to other groups to initiate 
similar activities. 


W. N. Richards, International Cor- 
respondence Schools, is conducting a 
survey of the educational aspects of 
local Section programming. He hopes 
to establish possible correlations be- 
tween type of program, audience, meth- 
od of presentation, etc. This informa- 
tion should be of value to Section Pro- 
gram Committees and speakers in the 
preparation of their materials and pro- 
grams for presentation to ISA groups. 


The Division of Collegiate Studies 
conducts symposia on educational con- 
cerns with respect to the subject matter 
of Instrumentation at the collegiate 
level. The Division sponsored a Na- 
tional Industry — Government — Col- 
legiate Conference on Instrumentation 
at Michigan State College last spring 
Which attracted representatives from 
approximately one-third the accredited 
Schools of engineering in the country, 
over one hundred industries and sever- 
al Government agencies. A similar 
symposium, although more detailed 
in its treatment of the topics to be 
considered, will be held at the Univer- 
sity of Illinois, Saturday, June 12. (See 
on Page bv in this issue). 
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ROBERT J. JEFFRIES 


CHAIRMAN EDUCATIONAL COMMITTEE 


Robert J. Jeffries, Chairman of the Educa- 
tional Committee, is responsible for the reac- 
tivation last year of this National Committee’s 
program and for 
the arrangements of 
co-sponsored Sym- 
posia on Instrumen- 
tation Education at 
the University of 
Illinois and the Na- 
tional Industry- 
Government-Collegi- 
ate Conference on 
Instrumentation 
held at Michigan 
State College last 
year. 

Professor Jeffries 
is also a member of 


the Society Struc- 
ture and Planning 
Committee, Chair- 


man of the Editori- 
al Board and Editor 
of ISA Journal. 

_ He received his B.S. in Electrical Engineer- 
ing at the University of Connecticut and Dr. 
of Engineering at Johns Hopkins University. 
He is now Associate Professor of Electrical 
Engineering at Michigan State College. He 
has taught at the University of Connecticut, 
University of Virginia, Engineering Extension, 
the Johns Hopkins University, North Carolina 
State College, and the Instrument Research 
Division of the National Advisory Committee 
for Aeronautics. 

Professor Jeffries is Chairman of Board, 
Educational and Technical Consultants, Inc., 
and a consultant for the National Bureau of 
Standards, Electro-Mechanical Research Corp., 
U. S. Navy and U. S. Army Ordnance. 





HOWARD C. ROBERTS 


Howard C. Roberts, Research Associate Pro- 
fessor, Engineering Experiment Station, Uni- 
versity of Illinois, is Chairman of the Sub- 
committee on Re- 
search Symposia for 
the National Educa- 
tional Committee. 

Professor Roberts 
was born in Illinois 
in 1910. He received 
his B.S. degree in 


Mathematics and 
Physics from the 
University of Illi- 
nois in 1933, and 


his professional de- 
gree of Electrical 
Engineer in 1944. 

He was formerly 
with the Research 
Staff of the Associa- 
tion of American 
Railroads, the U. 8. 
Office of Scientific 
Research and Devel- 
opment, the Research Department of the Gener- 
al Geophysical Company, Houston, Texas, and 
the Illinois State Geological Survey. 

The author of numerous technical articles 
since 1936, Professor Roberts’ first ISA paper 
was presented at the Pittsburgh meeting in 
1946. 

Since 1946, he has been responsible for Uni- 
versity of Illinois equipment, measurement 
techniques and methods, and development of 
special apparatus and controls. He is especial- 
ly concerned with dynamic measuring devices 
in the university’s Structural Engineering 
Laboratory. He is a consultant to all depart- 
ments of the university on problems of mea- 
surements in general, excepting those classified 
as electrical measurements. 

He also is Chairman of ISA’s National Com- 
mittee on Physical Properties Measurement. 


John C. Melcher, Leeds and Northrup 
Company, is currently directing a na- 
tional survey of collegiate courses and 
programs in the subject matter of In- 
strumentation. 

In the Division of Special Projects, 
Howard C. Roberts, University of Illi- 
nois, is chairman of a sub-committee on 
Research Symposia. It functions to 
encourage the organization and presen- 
tation of conferences, short-courses, 
symposia, etc., for the dissemination 
of information concerning research 


(Continued on Page 40) 





WILLIAM N. RICHARDS 

William N. Richards, Director of Mechanical 
Engineering Schools and Assistant to the 
Dean of the Faculty, International Correspon- 
dence Schools, 
Scranton, Pa., as a 
member of the Na- 
tional Educational 
Committee of the 
Instrument Society 
of America, is con- 
ducting a survey of 
educational aspects 
of local Section pro- 
gramming. eisa 
graduate of Drexel 
Institute of Techno- 
logy with a B.S. de- 
gree in Electrical 
Engineering. 

Mr. Richards’ ex- 
perience includes 
employment with 
Philadelphia Elec- 
tric Company in 
power plants and 
transmission and distribution department; 
with N. Snellenburg & Co., Philadelphia, as 
Sales Engineer in design, sales and installation 
of laboratory equipment for colleges, hospitals 
and industrial plants. He has been with ICS 
since 1937 as Assistant Principal, Principal, 
and Director of the Mechanical Engineering 
Schools, and as Assistant to the Dean of the 
Faculty. 

He is a member of American Society of Me- 
chanical Engineers, Society of Automotive En- 
gineers, American Society of Refrigerating 
Engineers and a Registered Professional Engi- 
neer in Pennsylvania. 


JOHN C. MELCHER 

John C. Melcher, in charge of the Laboratory 
Equipment Section, Market Development Di- 
vision of Leeds & Northrup Company, as a 
member of the Na- 
tional Educational 
Committee Division 
of Collegiate Stud- 
ies, is now directing 
a national survey of 
Collegiate courses 
and programs on 
the subject matter 
of Instrumentation. 

Mr. Melcher was 
born June 5, 1907 
at Springfield, Mo., 
and edueated in the 
Kansas City, Mo., 
public schools. He 
received his B.S. in 
Electrical Engineer- 
ing at Massachu- 
setts Institute of 
Technology in 1928. 
He has been with 
Leeds & Northrup Company since July, 1928, 
serving successively as Sales Trainee, Educa- 
tional Sales Specialist, Field Engineer in charge 
of Technical Sales at the Boston office. 

He is a member of the Boston Section and 
a Member of the American Institute of Elec- 
trical Engineers, Franklin Institute, and the 
Sigma Nu and Tau Beta Pi fraternities. 


MALCOLM B. HALL 

Malcolm B. Hall, Director of Training and 
Education Division of the Foxboro Company, 
Foxboro, Massachusetts, was a member of the 
first ISA Educa- 
tional Committee 
and has been ac- 
tive in its program 
since the commit- 
tees’ inception. He 
has won distinction 
as the Dean” of In- 
strumentation Edu- 
cation. 

On April 12, 1954, 
Mr. Hall received 
recognition for his 
40 years’ service 
with The Foxboro 
Company. This 
service includes 
Chief Engineer of 
Sales; Manager, 
Automatic Control 
Division; Manager, 
Pulp and Paper 
Sales Division, and Director of Training and 
Education. He is co-author of “The Orifice 
Meter and Gas Measurement,” published Jan- 
uary 1921, and several papers on Instrumenta- 
tion, including a survey report on Industrial 
Instrumentation curricula in engineering 











schools. Presented a paper on Education at 
the October 1945 ISA-Carnegie Tech Con- 
ference. 


Mr. Hall was born December 9, 1887 at 
Belmont, Mass., and attended Belmont public 
schools, Powder Point Preparatory School, and 
Massachusetts Institute of Technology. 
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Educational Committee 
(Continued from Page 33) 


RAYMOND J. McCAUSEY 


Raymond J. McCausey is a charter member 
of the Detroit Section and hs served on the 
Section’s Publications Committee and acted as 
Advertising Chair- 
man. He is Chair- 
man of the Sub- 
committee within 
the Division of Vo- 
cational Training 
of the National 
Educational Com- 
mittee which is now 
directing a national 
survey of facilities 
offered by non- 
credit educational 
programs in Instru- 
mentation. 

Mr. McCausey at- 
tended the Univers- 
ity of Detroit and 
during that time he 
was employed by 
the Dodge Motor 
Company as an 
instrument man and by the University of 
Detroit as a student-instructor in physics. 
After his graduation in 1929 with a B.S. in 
Mechanical Engineering, he was employed in 
the Mechanical Division of the Research De- 
partment of the Detroit Edison Company. In 
1930 he was transferred to the Instrument 
Division of the Engineering Laboratory and 
Research Department where he is now the 
supervisor. His activities include the direc- 
tion of the efforts of a group of engineers 
and technicians in developmental test, stand- 
ardization and maintenance work in Instru- 
mentation. He also conducts training pro- 
grams for engineers and technicians in several 
departments of the company. 





techniques and equipment presently 
available, as well as to point the need 
for other techniques and equipment not 
now available, for use in the various 
sciences and technologies. 

Another sub-committee within the 
Division of special projects has pre- 
pared a proposal for the establishment 
of an Instrumentation Foundation, 
which is now being considered by the 
Society Structure and Planning Com- 
mittee. 

The Educational Committee will co- 
sponsor with the Educational Commit- 
tee of the Instruments and Regulator 
Division of American Society of Me- 
chanical Engineers, two sessions at 
Philadelphia in September on Instru- 
ment Education Around the World, and 
two sessions of its own, including prog- 
ress reports from the survey commit- 
tees under Melcher, McCausey and 
Richards, and a session sponsored by 
the sub-committees on Research Sym- 
posia. 

The membership of the Committee is 
as follows: 


R. J. Jeffries, Chairman 


Division of Vocational Training 
M. B. Hall, Chairman 
W. N. Richards 


Division of Collegiate Studies 
. J. Jeffries, Chairman 
. E. Estelle 
. E. Belcher 
. C. Melcher 
. Johnston 
. Jones 
arshawsky 
. T. Sherman 
. Geldmacher 
. Pugsley 
. D. Holland 
vision of Special Projects 
. B. 
. L. 
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Aave You Seen 


The ISA 16-mm. Sound Motion Picture in Full Color? 


PRINCIPLES OF AUTOMATIC CONTROY, 


The film, “Principles of Automatic 
Control" should prove very helpful in 
presenting the subject of automatic 
control to students, technical person- 
nel, instrument mechanics, production 


supervisors, and operators. 


For A Complete Description of Film Content Write to 


INSTRUMENT SOCIETY OF AMERICA 


Pittsburgh 33, Pa. 


1319 Allegheny Avenue 


charge. 


ISA Sections and educational insti. 
tutions may borrow the film without 
societies will be 
charged $5 per showing and com. 
panies $20 per showing. Copies of 
the film may be purchased by firms 
and schools for $600. per copy. 


Other 

















ISA PUBLICATIONS PRICE LIST 


The following publications are for sale and may be ordered from the 
INSTRUMENT SOCIETY OF AMERICA, 1319 Allegheny Avenue, Pitts- 


burgh 33, Pa. Please include payment with order. 


RECOMMENDED PRACTICES 


No. Title 


RP1.1 
Extension Wire” 


RP2.1 “Manometer Tables” 
TENTATIVE RECOMMENDED PRACTICES 

RP1.2. “Thermocouples and Thermocouple 
Extension Wires—Installation” 

RP1.3. “Thermocouples and Thermocouple 
Extension Wires—Terminology; 
Limits of Error; Wire Sizes” 

RP1.4 “Thermocouples—Fabrication” 

RP1.5 “Thermocouples—Checking Proced- 
ures” 

RP3.1 “Flowmeter Installations Seal and 
Condensate Chambers” 

RP4.1 “Uniform Face to Face Dimensions 
for Flanged Control Valve 
Bodies” 

RP5.1 “Instrument Flow Plan Symbols” 


RP11.1 “Mercury Handling” 


“Coding of Thermocouple Wire and 


Date 
Published 
1-10-54 


8-10-53 


8-22-52 
8-22-52 
8-22-52 
8-22-52 
1-10-51 
9-17-50 


5-12-49 
4-16-52 


OTHER PUBLICATIONS 


“Industrial Instrument Training Course 
Outline” 

“Principles of Automatic Control” 

(Text of the film by same name) 


1950 Proceedings of the Fifth National 
Instrument Conference & Exhibit 
1951 Proceedings of the Sixth National 
Instrument Conference & Exhibit 


1952 Proceedings of the Seventh National 


Instrument Conference & Exhibit 
1953 Proceedings of the Eighth National 
Instrument Conference & Exhibit 
ISA JOURNAL** 
(Members dues include this publication) 
*Quantity prices will be supplied upon request. 


**Position and organization connection as well as products manufactured must be indicated 


on all subscription orders. 


4-1-52 
5-10 copies 
11 or more 

copies 

1952 
1953 
1953 
1954 


(Monthly) 


Unit 
Price* 


$ .50 Members 


1.00 Members 
2.00 Others 


50 All 


.50 Members 
1.00 Others 


.50 All 
.35 All 


50 All 
.25 All 


1.00 All 
.50 All 


$ .75 Members 
1.50 Others 
1.25 All 
1.00 Each — 
Quantity Price 
2.50 Members 


10.00 Others 
5.00 Members 
10.00 Others 
5.00 Year 
.75 per issue 

















ISA Journal 
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WEST COAST NEWS ... idea men were busy as ever last 
year concocting new instruments to think, analyze, meas- 
ure, count and supervise industrial processes, so that 1954 


started out in high gear. 


Selling grew somewhat tougher after mid-1953, affected 
by growling among budget-conscious plant managers. But 
since the instrument industry, with the world its oyster, 
lives mainly by finding unfilled needs in research and pro- 
duction and filling them, no one was alarmed. There were 
plenty of needs in sight, particularly among Europe’s re- 
viving industries, as well as among smaller U.S. plants. 


Sales strategy in the latter field revolved around the 
philosophy that the smaller a plant’s technical staff, the 
more it needs instrumentation. For instance, a small 
laboratory’s only chemist finds much of his time taken up 
with routine operations such as titrating, hence his pro- 
ductive efforts can be multiplied by turning over such 
messy and time-consuming jobs to an automatic instru- 
ment. 


Mechanized Testing 


Routine production tests, such as checking metals for 
chemical impurities, can be mechanized with direct-reading 
quantometers. One secondary metal concern with two 
spectographers in its laboratory recently reported turning 
out 14,000 qualitative samplings of castings in two eight- 
hour shifts. 


Large Western plants already have swung strongly to- 
ward tighter process control, spurred by stringent inspec- 
tion requirements of military contracts. The past year saw 
a trend toward simplified, lower-priced instruments to fit 
budgets of small plants. 


Meanwhile, Western instrument manufacturers pushed 
their overseas operations, despite low-cost labor competi- 
tion in England and Germany. Reports are that the for- 
midable technical wizardry offered by pre-war Germany no 
longer exists, although Zeiss occasionally contrives to get 
a few goods out through the Iron Curtain. Italy, however, 
is competing strongly. 


Foreign exchange offers many problems. Nevertheless, 
Applied Research company, for instance, established a 
branch at Lausanne, Switzerland, and commissioned sales 
agents throughout the North European countries, while 
Beckman Instruments, Inc., started construction of a man- 
ufacturing plant at Munich. 


This mushrooming concern (Beckman) by spring will 
consolidate part of its production in a new $2,000,000 head- 
quarters’ plant now being built at Fullerton, Calif., group- 
Ing some of the work now being performed in Pasadena. 
Phenomenal growth of electronic devices during the past 
year also led Beckman to expand threefold its recently 
acquired computer plant at Berkeley, Calif. 


Joining this fast-growing coterie of “electronic brain” 
manufacturers were Consolidated Engineering, which set 
Up a new division in the computer field, and Logistics Re- 
Search company, a Redondo Beach, Calif., concern which 
Predicts a “Model T-type” revolution resulting from lower- 
ead equipment adaptable to almost every type of in- 
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Another entrant in the computing field is the Marchant 
calculating organization of Emeryville, California, who set 
up in 1952 a subsidiary known as Marchant Research. The 
latter has developed a versatile magnetic drum computer 
in the lower priced field which will be marketed by the 
parent company, Marchant Calculators, Inc. 


Markets envisaged for such gear include computation 
and preparation of payrolls and bills, keeping of insurance, 
social security and personnel records, making economic 
studies and business forecasts, scheduling production time 
on machines, regulating priorities to move some jobs faster, 
figuring overtime work, and deciding which jobs to sub- 
contract well in advance of an anticipated bottleneck. 


Douglas Aircraft, which five years ago had less than 500 
sq. ft. of space devoted to computing equipment, today has 
such machines occupying more than 12,000 sq. ft., with the 
end not in sight. 


New developments in instrumentation include use of new 
recorders for stress, vibration and mechanical motion. 
Consolidated Engineering, for instance, reports that a 
very compact recorder, built so small it could fit inside a 
rocket, proved valuable to oil companies for registering 
stresses in drilling. Other recorders are being miniatur- 
ized to the extent that they may even be run through a 
vein into the heart. 


Use of mass spectrometers for process control are 
another step toward the automatic factory. Applied Re- 
search company brought out a multi-channel quantometer 
suited to many varied plant needs, pointing out that the 
quantometer also obtains results in terms of electrical units, 
and thus can be harnessed up to electronic “brains” to give 
direct control of production processes—the single apparatus 
makes the test, decides what is necessary, and bosses the 
job of getting it done—West Coast News as reported in 
a recent issue of WESTERN INDUSTRY. 


OHIO ...L. H. Waldrip Co., 3030 Euclid Avenue, Cleve- 
land, have been appointed representatives for CDC Control 
Services, Inc., of Hatboro, Pa. The L. H. Waldrip Co., 
has been active as manufacturer’s representatives in the 
Instrumentation and Control field for many years in the 
northern Ohio area. 


ILLINOIS ... Panellit, Inc., has begun construction of a 
modern new plant in Skokie, Ill., (photo below) as a first 
step in a major expansion and consolidation program. The 
new plant will provide approximately 82,000 sq. ft. of floor 
space, housing all engineering, manufacturing and admin- 
istrative activities now being handled in seven different 
locations. Construction planning will allow ultimate ex- 
pansion to increase the floor space to 150,000 sq. ft. at a 
future date. 












Industry Expansion Plans 
Costing Billions Offers 
New Instrumentation Uses 


American industry is showing its 
confidence in future business with a 
far-flung program of expansion already 
running into billions of dollars for 
1954. 

General Electric Co., disclosed it will 
spend a record $175,300,000 this year 
for expansion and modernization, 
thereby adding its name to a growing 
list of companies which plan heavy 
capital outlays. 


General Motors Corp., expects its one 
billion dollar expansion program, 
which gets underway this year, to be 
completed by the fall of 1955. 

The dollars pouring into plant and 
equipment expansion this year will 
mean more and better products rang- 
ing from waffle irons to air condi- 
tioners and telephones to plastic film. 
It means too, thousands of new applica- 
tions of Instrumentation and many 
new job opportunities for Instrument 
Engineers and Operations-Maintenance 
Instrument Technicians. 

American Telephone & Telegraph 
Co., views 1954 as another year of 
“heavy construction.” The system in 
1953 spent about one billion four hun- 
dred million on new construction—a 
rate of more than $25,000,000 every 
week. AT&T says its heavy spending 
program will continue this year. 

Standard Oil Co. (New Jersey) ran 
up capital expenditures of better than 
a half-billion dollars for all its con- 
solidated companies last year. But the 
world’s largest oil firm plans on 1954 
outlays which will be “somewhat great- 
er.” 

Smaller companies also figure on 
broad expansion programs for 1953 
and 1954. 

— ISA— 


U. S. INDUSTRY now has one en- 
gineer for every 60 employees com- 
pared to a ratio of one to 250 in 1900. 


42 





York Report Says Public 


Is Ahead of Industry in 
Demand for Instruments 


The public is actually far ahead of 
many manufacturers in its interest in 
automatic controls, the June issue of 
the York Report (published and priv- 
ately circulated by the York Engineer- 
ing and York-Gillespie Manufacturing 
Co., Pittsburgh) contends. 

Output of automatic instruments is 
largely being absorbed by relatively 
few industries, notably in steel, chem- 
icals and petroleum, the report notes, 
whereas the public shows great inter- 
est in a wide variety of automatic de- 
vices. 

It is not entirely the fault of manu- 
facturers that the public wants auto- 
matic instruments in their homes 
more than manufacturers demand 
them in their plants, the report con- 
cedes. It says many manufacturers 
have not yet been exposed to possibili- 
ties of making their plants automatic 
because specialized engineering talent 
is being monopolized by defense and 
atomic energy orders, and present pro- 
duction of instruments is going largely 
to the few industries in which benefits 
are greatest and competition dictates 
maximum use. 

“That’s why engineer-salemen aren't 
pounding on the doors of thousands of 
plants in other industries, asking per- 
mission to show how installations of 
automatic instruments can eliminate X 
number of jobs and increase produc- 
tion efficiency,” says the report. 

ISA 


Russians Have a Name 
For ‘New’ U. S. Invention 


The Soviet government newspaper 
Izvestia credited the United States with 
a new invention—the polygraph lie 
detector. 

Izvestia said it was the detector on 
which a U. S. senator offered to be 
tested and called it “the latest techni- 
cal novelty from American factories for 
molding public opinion.” 


Atomic Plant Model] 
To Go on Display 


A scale model of an automatic Dilot 
plant (photo at left) will be placed og 
display by North American Aviation 
Company at the First International 
Instrument Congress and Exposition 
at Philadelphia September 13 through 
24. 

North American has designed ay 
atomic power generator and is pre. 
pared to build a pilot plant for $10 
million to demonstrate and Study the 
production of electrical power for jp. 
dustrial uses. The proposed pilot 
plant will generate about 8,000 kilo. 
watts of electrical power, enough to 
supply 2,000 average homes with ele. 
tricity. 

The display — for which arrange 
ments have been made by Mr. T. Vor. 
burger of the American Institute of 
Physics — will include a cross section 
of a nuclear reactor and an attached 
steam turbine. 

Electric power would be produced ip 
the pilot plant as follows: The atomic 
fission process, using uranium slugs, 
would take place in a nuclear reactor 
surrounded by thick concrete. The 
heat thus produced would be absorbed 
by a liquid metal, probably sodium, 
passing through the reactor. This hot 
liquid would be piped to an ordinary 
water boiler to produce steam. The 
steam would then be used to drive a 
turbine generator combination such 
as those used by conventional power 
plants to produce electricity. 

Dr. Chauncey Starr, Director of 
North American’s Atomic Energy Re 
search Department acknowledged that 
the cost of producing electricity by 
this method would be considerably 
higher than by coal or water power at 
present. But he predicted that, through 
research with the pilot plant, more 
nearly competitive methods of power 
production from atomic energy could 
be developed. 

- SA oe 


New Directory of Testing 
Labs to be Published 


The Directory of Commercial and 
College Laboratories, hitherto com 
piled and published by the National 
Bureau of Standards of the U. S. De 
partment of Commerce, will be pub 
lished in the future by the American 
Society for Testing Materials, accord 
ing to a recent agreement between the 
two organizations. 

First published in 1927, the Diree 
tory has been periodically revised. It 
provides information concerning the 
location of testing laboratories t& 
gether with the types of commodities 
and the nature of the investigations 
the laboratories are prepared to under 
take. 

The directory is designed to be of 
assistance to purchasers not equipped 
to make their own acceptance tests 
The knowledge that they can, at any 
time, call upon testing laboratories to 
check deliveries made to them @ 
specifications should induce many pur- 
chasers to take full advantage of the 
specification method of buying. It will 
also be of value to small manufacturers 
and others who are seeking testing 
laboratory services in the evaluation of 
raw materials and finished products. 


ISA Journal 
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Maintenance and 


Reducing Pulsation for 


Operation 


Conducted by H. A. Hulsburg and J. W. Hutchison 


Metering 





by H. A. Hulsberg* 


ABSTRACT: This paper includes empirical 
formulas for determining the size of surge 
chamber to be used at the discharge of a 
reciprocating pump or a compressor, for re- 
duction of pulsations in connection with meter- 
ing. Installation sketches are included which 
show some construction features of surge 
tanks. Commercially available equipment for 
the purpose is described briefly. 


It is frequently necessary to measure 
flow at the discharge of a piston pump 
or reciprocating gas compressor. While 
systems have been devised for com- 
pensating the flow meter for the error 
resulting from the inherent pulsation, 
these systems are rarely satisfactory. 


Error produced by a pulsation of 
medium amplitude is usually plus, that 
is, the meter reads higher than the 
true flow. It is possible, however, for 
the waveform and amplitude of the 
pulsation to be such as to make the 
meter read low. This is particularly 
true where the pulsation amplitude (in 
terms of flow meter differential) is 
such that the pulsation peaks exceed 
the meter differential. In this instance 
the meter hits limit stops and so does 
not show the flow represented by the 
chopped-off peaks. 


The best solution for such conditions 
is to smooth the pulsations to an ampli- 
tude where metering pulsation error is 
small. Spink' gives a maximum value 
of 24% amplitude in terms of meter 
differential pressure, for flow measure- 
ment to be within 1% accuracy. Pul- 
sation amplitude must be measured 
with a “pulsameter” or with an elec- 
trical differential meter, each having 
the proper frequency response, to be 
truly indicative of conditions. 


Liquid Flow Pulsation Reduction 


In the case of liquid flow with a 
reciprocating piston pump, pulsation 
smoothing may be accomplished with 
4 surge chamber teed off the pump dis- 
charge as close to the pump as possible 
(see Fig. 1). The surge chamber may 
be merely a vessel with a gas space at 
the top, connected to the pump through 
4 short line and through a valve which 
may be used as a variable restriction 
to secure some tuning effect. A valve 
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located in the discharge between the 
surge tank and the meter is helpful if 
a pressure drop may be tolerated. 


The volume of gas within the cham- 
ber should be at least six times the 
pump displacement per stroke for 
single-cylinder single acting pumps, and 
at least three times for double-acting 
and triplex pumps. Many pumps 
come equipped with surge chambers 
which may or may not be large enough 
for metering purposes. 


Since the gas in surge tanks has a 
tendency to be absorbed by some li- 
quids, hydraulic accumulators similar 
to the Greer (see Fig. 2). may be pre- 
ferred. This type has a synthetic rub- 
ber bag which separates the gas from 
the liquid. The rubber bag is filled 
with nitrogen or other suitable gas to 
a pressure 60% of normal pumping 
pressure. Table 1 shows empirical 
formulas for calculating the volumes 
of Greer accumulators required for 
various types of pumps. These formu- 
las are approximate, according to the 
manufacturer, and it is well to choose 
an accumulator of a larger size than 
indicated where a severe condition 
exists. 
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The volume of gas within the cham- 
ber, and the setting of the restriction 
valve may be varied to secure optimum 
pulsation smoothing. 


Gas Flow Pulsation Reduction 

In the case of a reciprocating gas 
compressor, with the meter in the dis- 
charge, a surge tank in series with the 
compressor is required. A restriction 
between the meter and the surge tank 
will produce better results, if the addi- 
tional pressure drop can be tolerated. 
Excessive restriction for damping pur- 


(Continued to next page) 


iNote by L. K. Spink* 


“Chilton and Handley show some very use- 
ful curves for computing pulsation absorbers in 
A.S.M.E. paper 53-A-81 submitted in December 
1953. Fig. 1 of that paper shows the ratio of 
surge-chamber gas volume to cylinder volume 
for various types of pumps and various pulsa- 
tion amplitudes expressed in terms of average 
discharge pressure. To make these curves use- 
ful for flow meters, the amplitude should be 
expressed in terms of flow meter operating 
differential. That is, the allowable pulsation 
amplitude in terms of differential pressure 
should be multiplied by the operating differen- 
tial (psi), divided by the discharge pressure, 
(psi), and the result read on the abscissa of 
Fig. 1.” 

*The Foxboro Co., Foxboro, Mass. 
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Fig. 1. Surge Tank for Reducing Pulsation from Reciprocating Pump. 
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(Continued from page 35) where V = volume of surge tank in 
poses can result in reflection and ac- cubic feet. 
oustical effects. Restrictions should be Q = maximum capacity of 


compressor in standard 
cubic ft. per minute (14.7 
psia and 60° F.) 

Fig. 3 shows a surge tank installa- P = absolute pressure in the 
tion in a compressor discharge. The line, psia.* 
flow should be through the surge tank, Note: *psia — psig + 14.7. 
rather than having the tank “teed” off The volumes calculated from these 
the discharge line carrying the flow. formulas may be considered as mini- 
The tank should be of a large diameter mum, and any additional volume will 
for the volume rather than being elon- be helpful in minimizing pulsation. 
gated. Inlet and outlet connections Partially closing the restriction valve 
should not be opposite each other, and to get a reasonable pressure drop will 
the flow stream should be gg Dg also be helpful, if allowable. 
an internal pipe, as shown in F s. 3. If metering is in the suction line, the 
Other baffles and sound absorbing lin- surge tank is placed in the suction on 


ing may be used to advantage. the compressor side, and the suction 


placed to give the required length of 
straight pipe before the meter. 


Resonant Conditions 


It is possible for resonant Conditions 
and reflection effects to devel 
meter runs or in differentia] lineg! 
These conditions may be corrected jy 
varying the lengths of lines or by 
use of sound absorbing material, jy 
general, the meter differentia] lines 
should be as short as_ possible, and 
should not be restricted. 


Acoustical Filters 

Acoustical filters of calculated @ 
mensions are made by Burgess-Manp. 
ing Co., Libertyville, Ill., and are gj 
signed by the manufacturer for specific 
conditions of pulsation, noise, or pipe 
vibration conditions. 

The acoustical equivalents for jp. 
ductance, capacitance, and resistance 
as well as some of the principles of 
mufflers, are described by Olson *° 





Various means may be used to size 
the tank**. “Flow Measurement with 
Orifice Meters’* gives the following 
criteria: 


a. Use 100 cubic feet of volume per 
million cubic feet of gas per 24 
hour period. (Gas volume at line 
pressure and 60° F.) 


b. Use a volume 5 to 15 times the 
compressor displacement. (Dis- 
placement is in cubic feet per rev- 
olution). 


The value of 15 times the compressor 
displacement would seem to be the 
safer figure to use. 


From criterion (a) above, the follow- 
ing formula may be used for calculat- 
ing the surge tank volume: 


V= Q@x2.12 


4 





sane ] 


1. Simplex (single-cylinder single-act- 
ing) pump 
v> 5.00 gpm 
= om 
where V = volume of accumula- 
tor in gallons 
gpm = flow from the pump at 
pumping conditions 
(gallons per min- 
ute) 
rpm = strokes per minute of 
the pump (complete 
cycle) 
= means “equal to or 
greater than’”’. 


2. Simplex (single-cylinder double-act- 
ing) pump 


' Ss 


2.50 gpm 
rpm 

3. Duplex (two-cylinder double-acting) 
pump 

1.30 gpm 


Vv _ 
rpm 


4. Triplex (three-cylinder double-acting 
or single-acting) pump 
v> .45 gpm | 
=a 
NOTE: For pump speeds above 100 rpm, 
multiply answers from the above 


formulas by pump rpm/100 
get the required accumulator 
volume. 


VOLUMES OF GREER ACCUMULA- 
TORS REQUIRED FOR PULSATION 
SMOOTHING 


TABLE I 
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value of “P” should be used rather than 
the discharge value, which gives a tank 
of larger volume. Under certain con- 
ditions, surge tanks are required in 
both suction and discharge. 


Beat Frequency Effects 

Pulsations produced by two or more 
pumps or compressors operating in 
parallel will exhibit “beat effects’, 
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Fig. 3. Surge Tank for Reducing Pulsation from a Reciprocating Compressor. | 
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tude and shape of the re- 

= sation wave depends 7 the 
in speeds of the machines, 
diftfheir phase relation. Reduction of 
pulsation at each machine is prob- 
ably the best solution for such cases. 
Beat effects are characterized by 
“gnaky” flow records, changing slowly 
for the same average flow if the ma- 
chines are operating at very nearly the 


same speeds. 
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Chilton and 


Blowing Down 
Settling Chambers 


At the risk of causing a few readers 
displeasure, and perhaps saving others 
from an embarrassing moment when 
first encountering “Blow-Down”, proper 
procedure is outlined below: 

1, Open equalizing valve (e) 

2. Close high pressure (HP) and low 

pressure (LP) meter shut-off valves. 

. Open blow down valves (B) 

. When all sediment is out, allow an 
extra 20 or 30 seconds for fluid or 
steam to blow through. (Fluid 
should be caught in suitable recep- 
tacle). 

. Close blow down valves TIGHT on 
steam service, wait until chambers 
and connecting piping refill with 
condensate. 

. SLOWLY open low pressure valve. 

- SLOWLY close equalizing valve. 

- SLOWLY open high pressure valve. 

—Morris G. Moses 
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MERIAM 


MANOMETER 


In custody transfer of valuable liquids 
or gases, greatest possible accuracy is required by both buyer 
and seller. Field measuring equipment must be precisely cali- 
brated often. For this purpose Meriam Manometer Models 
B-2856 and B-2862 are extensively used. 


The new, lightweight (twenty pounds) Meriam Model B-2856 
Sectional U-Type Manometer in 100” range using water offers 
the extreme accuracy and sensitivity required for calibration. 
All-aluminum construction, this model can be “broken” to 
50” length for carrying convenience. Interpolated readings 
to .025” water available. 

The Meriam Model B-2862 Portable Field Manometer is the 
pioneer instrument for field calibration service. Designed with 
precision bore tubing, glass coated well, magnifier with anti- 
parallax device and a universal mounting bracket, this model 
in ranges up to 310” water using mercury, offers a new high 
in utility and accuracy. 

If you have a problem involving field calibration, drop us a 
line or call your Meriam Technical Representative. THE 
Merriam INstruMENT Company, 10992 Madison Avenue, 
Cleveland 2, Ohio. 





Model B-2862 and Case 
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Millivolt Boxes 


Very often there is a need for a de- 
vice to provide a rapid check on Milli- 
volt instruments having relatively 
high input impedances. The units de- 
scribed below can be made up very 
quickly and easily from standard elec- 
tronic parts and serve to take the work 
load off what is usually the only port- 
able Potentiometer in the instrument 
shop. 




















LS. R2 





Ri 


Figure 1 

The circuit in Fig. 1 is one form of 
“Millivolt Box” in which a continuously 
variable low-current millivoltage is 
available at the output terminals. For 
a battery with a nominal emf of 1.5 
volts and a desired output range of 0 to 
150 mv, the resistor Rl will be ap- 
proximately 1350 ohms and the poten- 
tiometer R2 approximately 150 ohms. 
(1 milliampere series current.) Nom- 


Liquid Level Indication of 
Hot Viscous Fluids 


An application sometimes arises for 
some system to measure Liquid Level 
of Hot Viscous Fluids in cases where 
bubbler tubes consistently plug or 
where suspended solids arch across 
diaphragm-type pressure transmitters 
giving low readings or no readings at 
all. 
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Conducted by Morris G. Moses 


inal values for flexibility could be 2000 


ohms and 300 ohms, 5 waits, respec- 
tively. Sl is a momentary single-pole 
single-throw switch. Dials on the two 
resistances would add to the utility of 
the unit. The boxes can be checked 
periodically, Rl being used as a “zero” 
for 1 ma series current. 

The circuit in Fig. 2 is a variation 
using a selector switch S3 and fixed 
resistors instead of R2 to “dial’’ more 
frequently used millivoltages. A re- 
versing switch, S2, double-pole double- 
f ee = SS a ] 
ee 
our 








Figure 2 
throw, is included for reversal of ap- 
plied voltage as a convenience. 

An error will exist in application 
due to the parallel resistance added by 
the instrument under test, and to some 


extent by battery droop, but in the 
case of high resistance instruments. 
The error is low enough for general 
plant checks prior to more exhaustive 
work in the meter shop. 

If desired, a mercury cell can be 
used as a source of voltage. These 
have an average emf of 1.34 volts and 
Rl would be adjusted accordingly. The 
discharge curve and longer shelf life 
on these cells are points in their favor. 

—Morris G. Moses. 


The scheme here has been used effec- 
tively on tars. Several thermostats, 
Th, in slant wells, are wired to a 
series of lights on a central panel or 
local indicating board. Rising or fall- 
ing level activates the thermal ele- 
ments giving a fairly close indication 
of level. 


Narrow differential temperatures 
should be chosen for the operating 
spans of the bimetal elements to aid 
quick action.—Morris G. Moses. 


— ISA 


The ISA Journal would be pleased to 


receive manuscripts submitted for pos- 
sible publication. Papers need not 
have been presented at ISA-sponsored 
conferences, nor must authors be mem- 
bers of the ISA. Under certain condi- 
tions, the Journal will consider republi- 
cation of outstanding articles previous- 
ly published in media not normally 
coming to the attention of our member- 
readers. Such papers must be identi- 
fied at time of submission. Please sub- 
mit all manuscript to the ISA Nation- 
al Office. 
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TUBE FITTINGS 


Swagelok Tube Fittings have a solid repy 
tation for providing leakproof seals at al 
tube connections. 

Instrument men everywhere will tell you that 
smallleaks (always an annoyance and usually 
difficult to locate) are completely eliminated 
with Swagelok Tube Fittings. 

In a Swagelok Fitting, two ferrules and a 
threaded chuck grasp tightly around the 
tube, forming leakproof seals at three 
separate points, yet resulting in no damage 
to the tube wall. 

Write for a Swagelok catalog now, addres 
ing Department 1010 
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by George F. Gardner 


“NEGATIVE INDUCTANCE CUTS MAG- 

= NETIC AMPLIFIER LAG” George M. 
Ettinger; Electronics Vol. 27—-No. 1, pp 
162-164, Jan. 1954. Eliminates lag due to 
inductance of control winding by introduc- 
ing electronically-produced negative in- 
ductance in control circuit. 

14. “STABLE POWER SUPPLIES FOR MIC- 
ROWAVE STANDARDS” William P. 
Ernst; Electronics Vol. 27—No. 1, pp 168- 
171, Jan. 1954. Comparison circuits and 
battery reference sources cover supply 
range power 6.3 to 3000 volts with voltage 
stability of 20 ppm. 

125. “SALINITY METER FOR SONAR MEA- 
SUREMENTS” Kenneth E. Harwell and 
Donald W. Hood ; Electronics Vol. 27—No. 
1, pp 172-174 Jan. 1954. Conductivity- 
measuring device uses r-f signal to deter- 
mine salt content of ocean water without 
immersion of electrodes. 

126. “TRANSISTORS IN TELEMETRY” Fred 
M. Riddle; Electronics Vol. 27—No. 1, pp 
178-180 Jan. 1954. Treats transistorized 
oscillator circuits for f-m/f-m _ telemeter- 


ing. 

127, “MAGNETIC AMPLIFIER USES CON- 
VENTIONAL INDUCTORS” A. I. Ben- 
nett, Jr.; Electronics Vol. 27—No. 1, pp 
181-183, Jan. 1954. Discusses power gain, 
speed of response and power-handling 
ability of magnetic amplifiers made from 
readily available components. 

128. “NATIONAL PHYSICAL LABORATORY 
INTERFEROMETER” D. C. Barnes and 
M. J. Puttock; The Engineer (London) 
Vol. 196—No. 5107, pp 763-766, Dec. 11, 
1958. Description of a revised instrument 
for routine measurements of the length 
dimension of slip and block gages up to 4 


inches. 

129. “PRODUCTION OF FLAT SURFACES 
ON JEWEL BEARINGS” S. A. Weart; 
Industrial Diamond Review (London) Vol. 
18—No. 154, pp 199-201, Sept. 1953. Brief 
article discussing machines and techniques 
for production of flat bearing surfaces on 
synthetic corundum. 

1%. “THE MEASUREMENT OF FLOW OF 
CORROSIVE AND SIMILAR FLUIDS BY 
DIFFERENTIAL PRESSURE MEANS” 
A. Linford ; Instrument Practice (London) 
Vol. 7—No. 18, pp 1078-1083, Nov. 1953. 
In two parts. Part I deals with sealing 
chambers. Part 11 appearing in Dec. 
1953 issue (pp 1155-1161) deals with purge 
systems for gas and liquid metering. 

. “AN AUTOMATIC RECORDING PHOTO- 
GRAPHIC DENSITOMETER” George 
Barnes; Journal of the Optical Society of 
America Vol. 43—No. 12, pp 1176-1180, 
Dec. 1958. Describes a projection densito- 
meter which plots a function of photo- 
graphic density vs position by a polar 
scanning of the negative in steps of 2 
degrees or more. 

132. “THE USE OF PHOTOMULTIPLIERS 
IN RAMAN SPECTROSCOPY” H. J. 
Marrinan; Journal of the Optical Society 
of America Vol. 43—-No. 12, pp 1211-1215, 
Dee. 1953. Discusses signal-to-noise ratio 
for American and British phototubes at 
ee temperatures and at various energy 


133, “AN INVESTIGATION OF THE THER- 
MOCOUPLE PSYCHROMETER” Part I, 
Suekichi Kawata and Yoshiro Omori: 
Journal of the Physical Society of Japan 
Tokyo) Vol. 8—No. 6, pp 768-775, Nov.- 

1953. Discussess effects of transfer 
of heat through wires, ventilation, lag of 
tion and other related subjects. 


14. “A RADIO FREQUENCY PERMEAME- 
TER” Peter H. Haas; Journal of Re- 
Search of the National Bureau of Stand- 
ards Vol, 5I—No. 5, pp 221-228, Nov. 

- 1953, ribes an instrument for use in 

ed fonjunction with commercially available 

‘4 devices which measures the 


; | Permeability and losses in ferro-magnetic 
toroidal res. - 


MATHICENT DEVELOPMENTS IN AP- 
i ” A. C. G. Menzies; Jour- 
_ Ral of Scientific Instruments (London) 


co. 
0 
Vol. 80—No. 12, pp 441-452, Dec. 


A 1953. 


» covering typical significant de- 
to its in optics and their application 
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“A CAPACITANCE MANOMETER OF 
LOW THERMAL SENSITIVITY” I. G. 
Baxter; Journal of Scientific Instruments 
(London) Vol. 30—No. 12, pp 456-457, 
Dec. 1953. Short description of an in- 
strument having a basic temperature co- 
efficient in the order of 250 p.p.m. 


“AN APPARATUS FOR THE MEA- 
SUREMENT OF THE THERMAL CON- 
DUCTIVITY OF BIOLOGICAL TISSUE” 
H. Stafford Hatfield; Journal of Scientific 
Instruments (London) Vol. 30—No. 12, 
pp 460-461, Dec. 1953. Utilizes a tissue 
sample approx. 12 millimeters in diameter 
and 3 mm thick sandwiched between tellur- 
ium-silver heat-flow meter discs. 


“A MICROPHOTOMETER FOR MICRO- 
RADIOGRAPHY” S. Bourghardt, S.-O. 
Brattgard, H. Hyden, B. Jiewertz, and S. 
Larsson ; Journal of Scientific Instruments 
(London) Vol. 30—No. 12, pp 464-466, 
Dec. 1953. Description of an instrument 
recording the transmission in the primary 
image of an object down to 2 to 3 microns 
under visual control. Accuracy is the 
order of 1%. 


“THE BACKGROUND AND C4 DETEC- 
TION EFFICIENCY OF A LIQUID SCIN- 
TILLATION COUNTER” B. N. Audric 
and J. V. P. Long; Journal of Scientific 
Instruments (London) Vol. 30—No. 12, 
pp 467-469, Dec. 1953. Describes experi- 
ments with counters using p-terpheny! in 
benzene. 


“A PORTABLE HIGH-SPEED CATH- 
ODE-RAY OSCILLOGRAPH” S. Waring 
and B. Murphy; Journal of Scientific 
Instruments (London) Vol. 30—No. 12, 
pp 469-471, Dec. 1953. A general purpose 
instrument employing a thyratron time 
base to give sweep speeds down to 2 X 10-7 
sec. 


“CONSTANCY OF PHOTOMULTIPLIER 
GAIN” R. Wilson; Journal of Scientific 
Instruments (London) Vol. 30—No. 12, 
pp 472-473, Dec. 1953. Some of the fac- 
tors in a photomultiplier circuit which in- 
fluence the gain are discussed and the 
results of experiments with British and 
American tubes are given. 

“A SIMPLE MASS SPECTROMETER 
FOR ANALYSIS OF STABLE TRACER 
ELEMENTS” E. H. Cooke-Yarborough and 
M. C. B. Russell; Journal of Scientific 
Instruments (London) Vol. 30—No. 12, 
pp 474-480, Dec. 1953. A 180° instrument 
for isotope abundance measurements in- 
volving carbon, oxygen, and nitrogen for 
use where accuracy in the order of 1% 
is sufficient. 


“AN AUTOMATIC MICROMANOMETER 
FOR THE MEASUREMENT OF LOW 
AIR SPEEDS” R. A. K. Long; Journal 
of Scientific Instruments (London) Vol. 
30—No. 12, pp 481-482, Dec. 1953. A two- 
fluid manometer for use with pitot-static 
tubes used for measurement of air flow 
in the range 10 to 25 ft. per sec. 


“OPTICAL TECHNIQUES FOR FLUID 
FLOW” Norman F. Barnes; Journal of the 
Society of Motion Picture and Television 
Engineers Vol. 61—No. 4, pp 487-511, 
Oct. 1953. In flow studies of liquids and 
gases, the velocity, pressure, density and 
temperature of the moving fluid can be 
obtained through the use of schlieren, 
shadowgraph, and interferometer techni- 
ques. Basic description of these is given 
and application comparison is made. 
Bibliography—219 references. 


“BIBLIOGRAPHY ON HIGH-SPEED 
PHOTOGRAPHY—INCLUDING SCHLIE- 
REN AND CATHODE-RAY OSCILLO- 
SCOPE PHOTOGRAPHY” Elsie H. Gar- 
vin and John H. Waddell; Journal of the 
Society of Motion Picture and Television 
Engineers Vol. 61—No. 6, pp 749-757, Dec. 
1953. 

“DESIGNING WITH METAL BELLOWS” 
J. H. Howard; Machine Design Vol. 26— 
No. 1, pp 137-148, Jan. 1954. Factors in 
the selection of metal bellows for tempera- 
ture and pressure control or indication, 
motion transmission, shaft seals and other 
uses. 


148. 


149, 


150. 


151. 


152. 


154. 


155. 


156. 


157. 


158. 


159. 


160. 





. “GAMMA-RAY SCINTILLATION COUN- 


TER FOR WEAK RADIOACTIVE SOLU- 
TIONS” C. P. Haigh; Nucleonics Vol. 12 
—No. 1, pp 34-39, Jan. 1954. A scintilla- 
tion counter providing a practical limit of 
10-11 suries per milliliter with 11°51 and 
Fe5® solutions. 

“THE BEST PERFORMANCE FROM 
BETA GAGES” L. R. Zumwalt; Nucleon- 
ics Vol. 12—No. 1, pp 55-58, Jan. 1954. 
Discusses the factors bearing on the per- 
formance of beta gages as applied to any 
particular industrial process. 
“ELECTRONIC GATING KNOCKMET- 
ER” M. M. Adams; Oil and Gas Journal 
Vol. 52—No. 35, pp 95-96, Jan. 4, 1954. 
Short description of a knockmeter for 
combustion studies on full scale engines. 
The instrument embodies means for de- 
termining the crankshift angle at which 
an event of interest occurs. 


“HUMAN ENGINEERING—AN AID TO 
INSTRUMENT AND CONTROL DE- 
SIGN” B. J. Covner; Power Vol. 97—No. 
11, pp 84-87, Nov. 1953. Discussion of the 
considerations necessary to most effectively 
design and arrange instruments and con- 
trols to fulfill the requirements of the 
human operator. 


“METER PROBLEMS AND CONSUMERS 
LOAD CHARACTERISTICS” L. B. 8. 
Golds and P. Schiller; Proc. LE.E. (Lon- 
don) Vol. 100—pt. 2—No. 78, pp 619-639, 
Dec. 1953. A detailed study of the elec- 
trical consumption of 110 British con- 
sumers in a large urban area, carried on 
over a 1 year period. 

“PARTICLE COUNTING BY TELEVI- 
SION TECHNIQUES” L. E. Flory and 
W. S. Pike; R.C.A. Review Vol. 14—No. 
4, pp 546-556, Dec. 1953. Description of an 
experimental unit using standard closed- 
circuit television scanning techniques and 
built to count red blood cells. 


. “LOW-TEMPERATURE X-RAY GONIO- 


METER FOR STRUCTURAL STUDIES 
OF CRYSTAL TRANSITIONS” R. Keel- 
ing, B. C. Frazer, and R. Pepinsky; The 
Review of Scientific Instruments Vol. 24— 
No. 12, pp 1087-1095, Dec. 1953. Designed 
for use from -100 C down to liquid nitro- 
gen temperature. 

“AN ANTICOINCIDENCE GAMMA-RAY 
SCINTILLATION SPECTROMETER” 
Richard D. Albert; The Review of Scien- 
tific Instruments Vol. 24—No. 12, pp 1096- 
1101, Dec. 1953. Discusses a design which 
suppresses signals arising from incident 
photons that are not completely absorbed 
in the primary detecting crystal. 

“A PHOTOTUBE MEASURING CIRCUIT 
FOR THERMOPILES” R. K. Brinton and 
C. T. O’Konski; The Review of Scientific 
Instruments Vol. 24-——No. 12, pp 1102-1104, 
Dec. 1953. A self-balancing potentiometer 
employing a twin phototube and laboratory 
galvanometer for measurements in the 
range 0.1 to 10 microvolts. 


“A COMPACT REAR-ILLUMINATION 
SYSTEM FOR CLOUD CHAMBERS” E. 
W. Cowan; The Review of Scientific In- 
struments Vol. 24—No. 12, pp 1104-1106, 
Dec. 1953. Discusses an arrangement us- 
ing cylindrical mirrors made by heating 
and bending plate glass. 

“A PRECISION CURRENT INTEGRA- 
TOR OF MEDIUM SENSITIVITY” I. A. 
D. Lewis and B. Collinge; The Review of 
Scientific Instruments Vol. 24—-No. 12, pp 
1113-1115, Dec. 1953. Describes a current 
integrator which will integrate currents 
in the range 10-!° to -5 ampere. 


“ELECTRIC HYGROMETER OF SMALL 
DIMENSIONS” W. A. Brastad and L. F. 
Borchardt; The Review of Scientific In- 
struments Vol. 24—No. 12, pp 1143-1144, 
Dec. 1953. Description of a Dunmore type 
instrument so reduced in size as to fit in- 
side the end of a hypodermic needle and 
which has been used to measure humidi- 
ties associated with surfaces as small as 
0.001 square inch. 


“AIRCRAFT INSTRUMENT BOOM DE- 
SIGN” J. D. Humphreys; Aero Digest 
Vol. 68—No. 1, pp 25-27, Jan. 1954. Con- 
struction of a nose boom instrument con- 
taining pitot and static orifices and vane 
transducers, the latter for measuring 
angle of attack and angle of sideslip. 


“AUTOMATIC CONTROLS FOR AIR- 
CONDITIONED AIRCRAFT” W. F. Tice; 
Aero Digest Vol. 68—No. 2, pp 36-38, Feb. 
1954. Short description of bridge circuits 
and associated components. 


“THE DECIMAL DIGITAL DIFFEREN- 
TIAL ANALYZER” Myron J. Mendelson ; 
Aeronautical Engineering Review Vol. 13 

No. 2, pp 42-54, Feb. 1954. Description 
of the theory of the instrument and its 
use. 9 references. 
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“LIGHT ABSORPTION SPECTROME- 
TRY” M. G. Mellon; Analytical Chemistry 
Vol. 26—No. 1, pp 2-11, Jan. 1954. Two 
year review. 483 references. 
“INFRARED SPECTROSCOPY” Robert 
C. Gore; Chemistry Vol. 26— 
No. 1, pp 11-19, Jan. 1954. 
view. 656 references. 
“ULTRAVIOLET ABSORPTION SPEC- 
TROMETRY” E. J. Rosenbaum; Analyti- 
cal Chemistry Vol. 26—No. 1, pp 20-26, 
Jan. 1954. Two year review. 226 refer- 


ences. 
“X-RAY ABSORPTION AND EMISSION” 
Herman A. Liebhafsky; Analytical Chem- 
istry Vol. 26—No. 1, pp 26-31, Jan. 1954. 
Review with 127 references. 

“X-RAY DIFFRACTION” H. S. Kaufman 
and Isidor Frankuchen; Analytical Chem- 
istry Vol. 26—No. 1, pp 31-34, Jan. 1954. 
Review with 127 references. 

“ELECTRON MICROSCOPY” Max Swerd- 
low ; Analytical Chemistry Vol. 26—No. 1, 
pp 34-42, Jan. 1954. Review with 188 
references. 

“CHEMICAL MICROSCOPY” Walter C. 
McCrone; Analytical Chemistry Vol. 26—- 
No. 1, pp 42-49, Jan. 1954. Review with 
412 references. 

“RAMAN SPECTROSCOPY” Robert F. 
Stamm ; Analytical Chemistry Vol. 26—No. 
1, pp 49-53, Jan. 1954. Review with 195 
references. 

“EMISSION SPECTROSCOPY” William 
F. Meggers; Analytical Chemistry Vol. 26 
—No. 1, pp 54-58, Jan. 1954. A two year 
review with 147 references. 

“MASS SPECTROMETRY” Vernon H. 
Dibeler ; Analytical Chemistry Vol. 26—No. 
1, pp 58-65, Jan. 1954. Review with 343 
references. 

“ORGANIC POLAROGRAPHY” Stanley 
Wawzonek; Analytical Chemistry Vi. 26 
—No. 1, pp 65-77, Jan. 1954. Review with 
426 references. 

“POTENTIOMETRIC TITRATIONS” N. 
Howell Furman ; Analytical Chemistry Vol. 
26—No. 1, pp 84-90, Jan. 1954. Review 
with 197 references. 
“CHROMATOGRAPHY AND ANALAG- 
ous DIFFERENTIAL MIGRATION 
METHODS” Harold H. Strain, T. R. Sato, 
and John Engelke; Analytical Chemistry 
Vol. 26—No. 1, pp 90-100, Jan. 1954. Re- 
view with 185 references. 
“FLUOROMETRIC ANALYSIS” Charles 
E. White; Analytical Chemistry Vol. 26— 
No. 1, pp 129-135, Jan. 1954. Review with 
194 references. 


“ELECTROANALYSIS” Donald D. De- 
Ford; Analytical Chemistry Vol. 26—No. 
1, pp 135-140, Jan. 1954. Review with 
149 references. 


“NUCLEONICS” Charles L. Gordon; 
Analytical Chemistry Vol. 26—No. 1, pp 
176-181, Jan. 1954. Review of application 
of nuclear developments to measurement 
and analysis. 152 references. 


“CONTROL OF METAL BUILD-UP IN 
MINIMUM PRESSURE SENSITIVE CON- 
TACT SYSTEMS” J. P. Dallas and T. R. 
Stuelpnagel; Applications and Industry 
(AIEE) No. 10, pp 398-401, Jan. 1954. 
Considers this problem in contact systems 
where the contact gaps are in the order of 
.001 to .005 inch and where initial pres- 
sures may be as low as .01 gram. 


“BIBLIOGRAPHY ON FEEDBACK CON- 
TROL” Applications and Industry (AIEE) 
No. 10, pp 430-462, Jan. 1954. An AIEE 
Committee Report. 2083 listings. 


“BACKLASH IN A VELOCITY LAG 
SERVOMECHANISM” Nathaniel B. Nich- 
ols; Applications and Industry (AIEE) No. 
10, pp 462-467, Jan. 1954. A study of the 
second-order velocity lag servo with back- 
lash by an exact method and by the 
fundamental component method. 


“DETERMINATION OF THE MAXIMUM 
MODULUS, OR OF THE SPECIFIED 
GAIN, OF A SERVOMECHANISM BY 
COMPLEX-VARIABLE DIFFERENTIA- 
TION” Thomas J. Higgins and Clifford M. 
Siegel ; Applications and Industry (AIEE) 
No. 10, pp 467-469, Jan. 1954. Mathemati- 
cal discussion, with examples. 

“AN IMPROVED EXPERIMENTAL IT- 
ERATION METHOD FOR USE WITH 
RESISTANCE-NETWORK ANALOGIES” 
G. Liebman and R. Bailey; British Journal 
of Applied Physics (London) Vol. 5—No. 
1, pp 32-35, Jan. 1954. Network with 
features to obtain solutions of “‘best fit” 
in equation solvers. 


“THE PREPARATION AND USE OF 
CELLS FOP THE REALIZATION OF 
THE TRIPLZ POINT OF WATER” C. R. 
Barber, R. Handley and E. F. G. Harring- 
ton; British Journal of Applied Physics 
(London) Vol. 5—No. 1, pp 41-44, Jan. 
1954. Describes apparatus and _tech- 
niques for determinations reproducible to 
+ 0.0001C. 15 references. 
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“THE EFFECT OF MEASUREMENT 
ERRORS ON PLANT PERFORMANCE 
TESTS” S. Baron; Combustion Vol. 25— 
No. 8, pp 49-54, Feb. 1954. Treats the 
problem as encountered in utility generat- 
ing stations. 

“DESIGNING EMERGENCY CONTROL 
INTO MONITOR CIRCUITS” Frank R. 
Simpson; Electrical Manufacturing Vol. 
53—No. 2, pp 86-92, Feb. 1954. Systems 
to detect malfunctioning and enable opera- 
tor to take corrective action. 
“MINIATURE BALL BEARINGS FOR 
PRECISION INSTRUMENTS” William L. 
Tinnerman ; Electrical Manufacturing Vol. 
53—No. 2, pp 106-113, Feb. 1954. Discusses 
characteristics of 12 common types in sizes 
up to %” OD 


“INSTANTANEOUS MULTIPLIER FOR 
COMPUTERS” Martin Mehron and Wal- 
ter Otto; Electronics Vol. 27—No. 2, pp 
144-148, Feb. 1954. Cascaded Modulators 
perform multiplications of two voltage 
functions of time and give direct indica- 
tion of product. 

“CRUCIBLE HEAT CONTROL” John H. 
Sian; Electronics Vol. 27—No. 2, p 149, 
Feb. 1954. Short description of a photo- 
electric pyrometer and associated circuitry 
for maintaining temperature of a small 
crucible at 1700 C, 


“MAGNETIC RECORDING FOR VEHI- 
CULAR RESEARCH” G. K. Guttwein and 
J. M. Leslie, Jr.; Electronics Vol. 27—No. 
2, pp 154-159, Feb. 1954. Eight channel 
arrangement used for measuring accelera- 
tions on six channels on rough terrain. 


“GAIN-STABILIZED TRANSISTOR AM- 
PLIFIER” Charles A. Krause; Electronics 
Vol. 27—No. 2, pp 183-185, Feb. 1954. 
Junction type using unbypassed emitter 
resistor for stable gain and wide range 
of input impedances. 
“PHASE-SELECTIVE DETECTORS” Cur- 
tis R. Schafer; Electronics Vol. 27—No. 2, 
pp 188-192, Feb. 1954. 34 circuits used in 
self-balancing bridges, phase discrimina- 
tors and null detectors. 22 references. 


“A HIGH SPEED PRECISION TACHO- 
METER” W. R. Blend and B. J. Cooper; 
Electronic Engineering (London) Vol. 26 
—No. 311, pp 2-8, Jan. 1954. Counter 
type, using Ericsson glow discharge lamps 
for read-out. Ranges 0-8000 and 10-80000 
RPM, reading time 2 seconds or less. 

“D.C. AMPLIFIERS” Part I, J. Yarwood 
and D. H. LeCroissette; Electronic Engi- 
neering (London) Vol. 26—No. 311, pp 
14-19, Jan. 1954. Discusses characteristics 
and considerations for electrometer stage. 
Data on British and American high-value 
resistors and electrometer tubes are given. 


“STEP TO FREQUENCY RESPONSE 
TRANSFORMS FOR LINEAR SERVO 
SYSTEMS” (Pt. 1) L. C. Ludbrook; Elee- 
tronic Engineering (London) Vol. 26—No. 
311, pp 27-30. Jan. 1954. Discusses five 
existing methods for finding frequency 
response from linear step response data 
and proposes a modified method based on 
an approximation of the given step re- 
sponse graph. 10 references. 
“PRECISION X-RAY DIFFRACTION 
SPECTROMETER RING” D. C. Barnes 
and C. Wainwright; The Engineer (Lon- 
don) Vol. 197—No. 5112, pp 97-98, Jan. 
15, 1954. Annular ring, kinematically de- 
signed for studies of G-M counter X-ray 
diffraction techniques at National Physical 
Laboratory. 

“MEASURING FINE TEMPERATURE 
CHANGES” L. G. A. Sims; Engineering 
(London) Vol. 177—No. 4588, pp 15-16, 
Jan. 1, 1954. Discusses measuring equip- 
ment for use with thermocouples with 
particular reference to the use of the 
triple-point water cell as a constant tem- 
perature receptacle for the cold junction. 
“NEW ODOROMETER SHOWS GOOD 
RESULTS” A. F. Cascioli and R. L. 
Coryell; Gas Age Vol. 113—No. 2, pp 
9-10, Jan. 28, 1954. Portable instrument 
for field use. Utilizes observer’s nose to 
detect threshold level of diluted sample. 
Concentration of latter measured by com- 
bustible gas detector. 
“INSTRUMENTATION — ACTIVITY IN 
INSTRUMENTATION — 1953” B. W. 
Thomas; Industrial and Engineering 
Chemistry Vol. 46—No. 1, pp 97A-100A, 
Jan. 1954. Short review, noting growing 
tendency to move analytical equipment to 
the process instead of moving samples to 
the laboratory. 


EDITOR’S NOTE—In response to numerous re- 
quests from our readers for information con- 


cerning the scope of Mr. 


Gardner’s coverage 


we are pleased to list the following sources as 


regularly reviewed by Mr. 


Gardner. If any 


of our readers have additional suggestions we 
would be pleased to hear from them. 


List of Magazines > 


Aero Digest 

Aeronautical Engineering Review 
American Journal of Physics 
Analytical Chemistry 
Applications and Industry (AIEE) 
Applied Hydraulics 


ASTM Bulletin a 


Audio Engineering 

Aviation Age 

Bell Laboratories Record 

Bell System Technical Journal x 

British Journal of Applied Physics 

BTH Activities 

The Cathode Press 

Chemical Engineering 

Chemical Engineering Progress 

Combustion 

Communication and Electronics 

Communication Engineering 

Computers and Automation 

Corrosion 

Electric Light and Power 

Electrical Engineering 

Electrical Manufacturing 

Electrical World 

Electronics 

Electronic Engineering 

The Engineer 

Engineering 

The Engineers Digest 

Factory 

Gas Age 

General Electric Review 

Genera! Motors Engineering Journal 

Heating, Piping and Air Conditioning 

Heating and Ventilating 

Industrial and Engineering Chemistry 

Industria! Diamond Review 

Industrial Laboratories 

Industrial Materials 

Instrument Manufacturing 

Instrument Practice 

Instruments and Automation 

The Iron Age 

The Iron and Steel Engineer 

Journal of the Acoustical Society of America 

Journal of the Aeronautical Sciences 

Journal of the American Chemical Society 

Journal of the American Society of Naval Ex 
gineers 

Journal of Applied Physics 

Journal of the Franklin Institute 

Journal of the Institute of Fuel 

Journal of the Optical Society 

Journal of the Physical Society of Japan 

Journal of Research of the National Bureau of 
Standards 

Journal of the Royal Aeronautical Society 

Journal of Scientific Instruments — 

Journal of the Society of Motion Pictures an 
Television Engineers 

Journal of the Television Society 

Machine Design 

The Marconi Review 

Materials and Methods 

Mechanical Engineering 

Meta! Progress 

Metropolitan Vickers Gazette 

Microtecnic 

Modern Plastics 

Nature 

NBS Technical News Bulletin 

Nucleonics 

The Oil and Gas Journal 

Petroleum Refiner 

Philips Research Reports 

Philips Technical Review 

The Physical Review 

Power 

Power Apparatus and Systems( AIEE) 

Power Engineering F 

Proceedings of the Institute of Electrical 
Engineers (Part 1) : 

Proceedings of the Institute of Electrical 
Engineers (Part 2) - 

Proceedings of the Institute of Electrical 
Engineers (Part 3) . 

Proceedings of the Institute of Electrical 
Engineers (Part 4) 

Proceedings of the Institute of Mechanical 
Engineers 

Proceedings of the IRE 

Product Engineering 

Radio and Television News 

RCA Review 

Refrigerating Engineering 

Research (British) 

Review of Scientific Instruments 

S.A.E. Journal 

Science 

Scientific American 

The Magazine of Standards 

Steel 

Technology Review 

Tele-Tech 

The Tool Engineer 

Transactions of the ASME 

Welding Engineering 

The Welding Journal 

Westinghouse Engineers 

Wireless Engineers 
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A Local Section Educational Program 


cational program of the New 
1 ection provides two principal 
m of assisting the members 
toward furthering their knowledge in 
instrumentation. The first is through 
courses in the various phases of in- 
strumentation and secondly, through 
forum-type meetings in addition to the 
lar scheduled monthly meetings. 
It is believed that a great deal more 
can be done for the members through 
a well-planned educational program 
rather than to merely provide one lec- 
turetype meeting per month. 


In 1948 New Jersey had a live wire 
Bducational Committee with Past 
President Harry F. Moore as Chairman. 
Assisting him were Prof. Paul C. Crea- 
gar of Rutgers University and Past 
President Herbert Close. These men or- 
ganized a course in cooperation with 
the Newark College of Engineering 
with a college instructor in charge. 
This course stimulated interest so that 
the following year four courses were 
given as follows: 


(1) Elements of Industrial Instru- 
mentation — a basic course at an 
elementary level covering the mea- 
surement of temperature, pressure, 
flow, and level: 45 hours at 2% hours 
per Week. 


(2) Industrial Instrumentation Ap- 
plications — a practical course in 
metering problems of flow, tempera- 
ture, pressure, and level: 60 hours at 4 
hours per week. 


(3) Fundamentals of Industrial 
Automatic Control — a course in theory 
of automatic controls: 32 hours at 2 
hours per week. 


(4) Seminar on Automatic Control 
Theory and Analysis—an advanced 
course dealing with mathematics re- 
view and discussion of technical 
papers: 36 hours, 2 hours per week. 


The current President of the New 
Jersey Section, Lowell H. Ballinger of 
Standard Oil Development Company, 
served on the teaching staff for these 
courses. The course’ registration 
varied from 15 to 30 students. Lowell 
continued teaching until 1952. Since 
1950, however, the offerings have been 

to one course. John Kelley of 

the Organic Chemicals Division, Amer- 
id Company has been the 

ctor in the course given since 
1952. This year, the course in “Funda- 
Mentals of Instrumentation” began at 
a College of Engineering on 


The present Educational Committee 
of the New Jersey Section is headed by 
les Jones of the Bakelite Corpora- 

He is responsible for the series 
meetings held this year. The 

ties Forum meeting he organized is 
Batching” and will take place 


May 1954 


May 18. Earlier this year, Forum 
meetings were held on “Flow Trans- 
mission” and “Liquid Level”. 

The Forum Series of meetings was 


started in 1951 in which an attempt 
was made at the round-table type of 
discussion. These Forum meetings be- 
came so successful that the round- 
table idea became impossible in many 
cases due to the large attendance. One 
of the organizers and most active parti- 
cipants in the Forum was Harry F. 
Moore of the Standard Oil Development 
Company. Since 1951 there have been 
13 Forum meetings held within the 
New Jersey Section. The largest and 
most successful of these meetings was 
held in January 1952, when the subject 
was Electric vs. Pneumatic Controls. 
The meeting was held at the Essex 
House Hotel in Newark and special ar- 
rangements had to be made during the 
evening for larger quarters as the at- 
tendance grew, culminating with the 
grand ball room of the hotel as the 
final location. These Forum meetings, 
which are carried on in addition to the 
New Jersey Section’s regular meeting, 
are still being held as an extra at- 
traction for New Jersey Section mem- 
bers. (Note comment in next column) 





INTERESTED IN BOOKS 
ON INSTRUMENTATION? 


Technical committees, Officers, 
and individual members of ISA 
are frequently aware of, or use, 
particularly good books, new and 
old, on various aspects of instru- 
ment conception, design, applica- 
tion, etc. We of the JOURNAL 
staff, believe it would be a signi- 
ficant service to our readers if 
these books, together with re- 
views by competent instrument 
personnel, were brought to their 
attention. The JOURNAL plans 
to initiate soon, a column of 
BOOK REVIEWS. 


Any reader who is interested 
in, or aware of a book which he 
thinks might be of value to some 
segment of our membership, is 
urged to send either a review of 
the book, or just its title, to the 
National Office. By this process 
we hope to include books which 
interest our members and which 
have been reviewed by fellow 
members, professionally compet- 
ent in the subject. You can help 
us make this an outstanding fea- 
ture by suggesting titles and sub- 
mitting reviews of books which 
interest you or which you have 
found to be particularly valuable. 











An Education Promotion Idea 
For Local ISA Sections 


The reference to the Newark College 
of Engineering in connection with the 
educational program of the New Jer- 
sey Section brings to mind another 
activity of NCE which has recently 
been announced. Through the inter- 
est of President Van Houten, NCE is 
the first college to sponsor a unit of 
the Junior Achievement Movement. 

Junior Achievement is to Industry 
what 4-H clubs are to Agriculture, a 
means of training boys and girls for 
their place in business by having them 
set one up and operate it. 

Founded over 20 years ago the 
movement now includes more than 
1500 JA companies in 45 cities. 

NCE is directly sponsoring Newco 
Novelties, Essex County’s most re- 
cently formed JA company. The col- 
lege initiated the move which brought 
four NCE students of Management En- 
gineering into the JA movement last 
October as advisers to fifteen local high 
schools students in the organization 
and operation of their own business. 
The high school group of boys and girls 
meet with the NCE representatives 
once a week. 

James L. Lubin of the college De- 
partment of Personnel Relations is 
faculty advisor. Joseph Oliviera, 
Senior Process Engineer with the 
Hyatt Division of General Motors is 
industry’s representative. 

Latest reports from the company in- 
dicate that Newco Novelties is a suc- 
cessful, going concern; a living illus- 
tration that groups of people at three 
levels of age and experience can work 
together at the serious business of 
learning—and enjoy doing it. 

Couldn’t something similar (at least 
in broad objectives) be worked out be- 
tween local ISA Sections, high school 
groups, and local instrument manufac- 
turers and users, which would serve to 
educate and stimulate high school stu- 
dents with respect to the potentialities 
of Instrumentation in all businesses 
and as a possible career? 

— ISA — 


Student - Engineer Jobs 
For Summer Proposed 


Small industries in the Pennsylvania 
industrial areas have been urged to 
consider hiring engineering students 
this summer between their junior and 
senior years. 

American industry is ready to em- 
ploy from 40,000 to 50,000 engineering 
graduates this year. But there will be 
only 23,000 graduates, of which some 
7,000 will go into military service. 

That means the competition for en- 
gineering graduates will be keen. 

Large companies can maintain train- 
ing programs, affiliated with graduate 
schools and offer other benefits as in- 
ducements. Few small industries can 
compete on this basis. 

For that reason, Dr. Eric A. Walker, 
Dean of the Engineering and Archi- 
tecture College of Pennsylvania State 
University, suggests the vacation plan 
for smaller plants. 

“If the affiliation during the summer 
months is a successful one,” he said, 
“it is quite easy to reach an agreement 
leading to the employment of the stu- 
dents after graduation. 

“If not, it can be dissolved without 
embarrassment to anyone.” 
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ISA Committee Cooperates with Engineering Educators 
In Consideration of Instrumentation Education 


The ISA National Educational Com- 
mittee will cooperate with the Ameri- 
can Society for Engineering Education 
in the sponsorship of a Symposium on 
Instrumentation Education to be held 
in conjunction with that Society’s na- 
tional meeting at the University of 
Illinois. 

The Symposium will be held on 
Saturday, June 12 at Urbana. The 
ASEE meetings will be held Monday 
thru Friday of the following week. 

The Symposium is included as a 
workshop at which educators and rep- 
resentatives of industry can discuss 
objectives, methods and needs of edu- 
cation in the subject matter of instru- 
mentation in collegiate curricula. 

All persons concerned with the im- 
plications of the “automatized age” for 
technical education, or the utilization 
of technical graduates in the design 
and operation of automatically con- 
trolled equipments, should find the 
program of great value. Attendants 
will be encouraged to participate in 
the discussions. 

For registration and _ reservations 
write Prof. G. R. Peirce, Dept. Electri- 
cal Engineering, University of Illinois, 
Urbana, Illinois. 





SYMPOSIUM ON INSTRUMENTATION 
EDUCATION 
Program 

Purpose: to focus attention on the concepts, 
subject matter and methodology of technical 
instruction in the broad areas of measurement, 
computation, contro] and systems studies. 

Chairman, Prof. R. J. Jeffries 
Michigan State College 


Registration: 8 to 9:30 A.M. 

Morning Session: 9:30 to 11:30 

Universal Characteristics of Instruments; H. 
C. Roberts, University of Illinois. 

Situation Analysis in Instrumentation; W. 
McKay, Massachusetts Institute of Technology. 

Concepts in Measurement; D. J. Montgomery, 
Michigan State College. 

Computation and Computers in Engineering 
and Science Curricula; L. L. Rauch, University 
of Michigan. 

Industry Comments: Albert C. Hall, Bendix 
Research Laboratories, Ralph Munch, Monsanto 
Chemical Co. 

President’s Luncheon: 12:15 to 1:30; Pre- 
siding, J. D. Ryder, University of Illinois. 

Luncheon Speaker, W. A. Wildhack, Presi- 
dent, Instrument Society of America. 

Afternoon Session: 1:45 to 3:45 

Teaching Control Engineering; R. W. Jones, 
Northwestern University. 

Teaching Systems Engineering; Harry Sohon, 
University of Pennsylvania. 

Teaching Instrumentation Engineering; C. S. 
Draper, Massachusetts Institute of Technology. 

Industry Comments: Albert Sperry, Panellit, 
Inc., and H. W. Cory, Allis-Chalmers Co. 

Inspection Trip: 4:00 to 5:00 

Inspection of university facilities for research 
and teaching activities in measurement, com- 
putation and control. 


Technical Program Committee Meets at Louisville 
To Plan for Over 50 Conference Sessions 


The immense task of coordinating 
the entire technical program of the 
ISA and cooperating societies at the 
First International Instrument Con- 
gress and Exposition at Philadelphia, 
September 13 through 24, was under- 
taken by the Technical Program Com- 
mittee in a meeting held at Louisville, 
Kentucky, Sunday, April 25. 

Attending the meeting called by 
Chairman Neil Blair of Panellit, Inc., 
Chicago, were Delmas C. Little, ISA 
Vice President in charge of the Tech- 
nical Division, Vice Chairman Philip 
M. Fleming of the E. I. du Pont de 
Nemours & Co., Secretary Richard I. 
Barlow, The Meriam Instrument Co., 





Work Completed on Two 


New Recommended Practices 


J. W. Perey, Chairman of Sub-Com- 
mittee RP-1 of the Recommended Prac- 
tices Committee announces that the 
Committee has completed its work on 
two new tentative practices: 

RP1. 6 — Temperature-Emf. Tables 
for Thermocouples. 

RP1. 7—Coding of Insulated Duplex 
Thermocouple Extension Wires. 

These RP’s have been submitted to 
the Recommended Practices Committee 
Chairman for approval and in due 
course will be distributed to all mem- 
bers. 
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and Percy V. Jones, Jr., Society Man- 
ager. 

More than 175 technical papers, the 
largest number in the history of the 
Society, are expected to be presented at 
the September Conference of 50 ses- 
sions. 


The Committee’s job was the schedul- 
ing of technical papers on dates and 
sessions’ time to avoid conflicts of 
similar interests. To suit the conven- 
ience and desires of each of the vart- 
ous cooperating societies and groups, 
the Committee studied the subject mat- 
ter to each technical subject to deter- 
mine its place on the sessions’ calendar. 


Dr. Beckman Named to 
National Meetings Committee 


Dr. Arnold O. Beckman, president of 
Beckman Instruments Inc., of South 
Pasadena and Past President of the 
Los Angeles Section as well as the Na- 
tional Organization, has been named 
a member of the National Meetings 
Committee. 


In that capacity he will head-up local 
activity in preparation for the Tenth 
Annual ISA Instrument Conference 
and Exhibit to be staged in Los Angel- 
es in September 1955. 





National Telemetering- 
Remote Control Conference 


The 1954 National Telemetering ang 
Remote Control Conference 
sored by the Institute of Radio 
neers, Institute of Aeronautical gq 
ences, American Institute of Electrical 
Engineers, the Instrument Society ¢ 
America, and the American Society gf 
Mechanical Engineers, will be held jy 
Chicago, May 24-26, Morrison Hotel, 


Technical program includes seve 
sessions including an evening seggig, 
and a luncheon talk. Sessions ap 
three hours each and include four 
six papers. 


Technical Program Chairman ¢ § 
Doersam, Jr., Sperry Gyroscope Com 
pany announces the following sesgigg 
chairmen: 


Tentative Technical Program 


Monday, 24 May 
Morning Session (9:30 to 12:20) 


Telemetering Systems —- Chairman: Fra 
P. Lehan, (IRE), Jet Propulsion Laboratoy, 
CIT, Pasadena, Calif. 


“Microwave Telemetering” — R. G. 
General Electronic Laboratories, Boston, Mam 


“A Large Research and Development FM/fi 
Telemetering System for Extreme Environma- 
tal Conditions” —- A. W. Newberry, Jet Prop 
sion Laboratory, CIT, Pasadena, Calif. 


“A Transistorized FM/FM Telemetering Sp 
tem” — R. E. Colander, C. M. Kortman, Ba 
dix Aviation Corp., Pacific Division, Now 
Hollywood, Calif. 


“Selective Telemetering Application” — 1 
G. Walker, Motorola, Inc., Chicago, IL 


“Telemetering of the Illinois-Missouri Be 
tric Power Pool” — G. W. Fox, Union Elect 
Co.; D. F. Hazen, Illinois Power Co.; 2B 
Stites, Central Ill. Public Service Co.; W. 8” 
Bloor, Leeds and Northrup Co.; T. W. Hiss 
Leeds and Northrup Co. 


“Recorder Computing Techniques Used int 
Measurement of Electric Power and A 
Quantities” — W. E. Phillips, Leeds and Nor® 
rup Co., Philadelphia, Pa. 


Monday, 24 May 
Afternoon Session (2:00 to 5: 


Telemetering Pickups and Components ~ 
Chairman: James Wynn, RCA — AFMIC 
Patrick Air Force Base, Cocoa, Fla. 


“Application of Transistors to Telemeteritt 
Components” — C. M. Kortman, Bendix AW 
tion Corp., Pacific Division, North Ho ; 
Calif. 








“A New Sub-Carrier Oscillator” — BB 
Tarca, Ralph M. Parsons Co., Los Angea 
Calif. 

“A New Panoramic Instrument for Anil® 
ing and Calibrating FM/FM T r 
Systems” — W. I. L. Wu, Panoramic 
Products Inc., Mount Vernon, N. Y 


“New High Stability Component Configa® 
tions Solve Telemetering Systems Design Prob 
lems” — L. A. G. ter Veen, Bendix A f 
Corp., Pacific Division, North Hollywood, Gl) 

“Movable Core Transformer as a Pickup 
Industrial Telemetering Systems” — A. & 
Hornfeck, Bailey Meter Co., Cleveland, Ohio 
Monday, 24 May ...... Evening Session ( 


Workshop Session — Chairman: W. J. 
Wells, Applied Physics Laboratory, Johns 
kins University, Silver Spring, Md. 
General Discussion Paper: 


“Classification of Telemetering Sy 
W. J. Mayo-Wells, APL, E. E. Lynch, 
Electric Company, West Lynn, Mass. 
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wy » Morning Session (9:30 to 12 :30) 
. Digital — Chairman: Perry 
Jr., International Business Machines 
Wy "Headquarters, 590 Madison Ave., 
N. Y. 
t tem for Air Traffic Control 
es eS M. Kalb, Engineering Re- 
, Associates, St. Paul, Minn. 
Shaft Positioning Via rae as 


4 Data Trans’ ission Systems” — H. 
oo ; ix Aviation Corp., Pacific 
Division, 


Bend : 
North Hollywood, Calif. 
Limitations and Capa- 
“Some Fundamental zs, an 2 
bilities led Data Systems . K. 
< ~ armaaaal of Electrical Engineering, 


Lom Cambridge, Mass. 






Proposed Ai Traffic Control System” — 
ring and ache. Se casery for Electronics, Cam- 
lio , 
ical Sj. cas —) Session (2:00 to 5:00) 
Llectrical trol—Analogue Chairman: 
ciety of George R. Darton, Office of Naval Research, 
ociety of Port Washington, N. Y. ‘ ; . 

held “Application of Analogue Computers 
| in Control Systems” — H. Meissenger, 
Hotel. A. Karen, Project eens, Reeves Instrument 
Company, New York, ie S> 
8 seven “jgtomatic Helicopter Positioning Thru 
; Session Present and Future Gyro Pilot Control” — J. 
ions are Sperry Gyroscope Company, Division 
. four to of the Sperry Corporation, Great Neck, N. Y. 
“Application of Raydist to i eg ond 
Control” — J. T. Bradbury, A. Comstock, Has- 
an ©. H tings Instrument Company, Hampton, Va. 

; “Design Hydraulic Con- 
up: Com | trol a a nae, Bailey, Bendix 
5 Session Aviation Corp., Research Labs., Detroit, Mich. 

« Stabilized Servo Data Repeater” 
fn Wer. Servo-Mechanisms Lab., M.L.T., 

. Cambridge, Mass. 
D to 12:28) Tuesday, 25 May ...... Evening Session (7:30) 


Frank Annual Banquet — Everett S. Lee — After 








an: : M 
aboratony, Dinner Speaker, General Electric Company, 
Schenectady, N. Y. 
| (Past President of AIEE) 
3. Ralmaa, 
: ednesday, 26 May 
aa _— x Morning Session (9:30 to 12:30) 
‘ All Weather Flight Control — Chairman: 
Jet , David §. Little (IAS), American Airlines, 
lif. General Engineering, La Guardia Field, Queens, 
oi New York, N. Y. 
ong (Program not yet finalized, will include 
various problems and plans associated with 
Hs: the all weather flight control problem. Papers 
. will be presented by various civilian and mili- 
on” —[ | tary experts in this field.) 
Te: Roem... eee (12:45 to 2:15) 
oort Ea “Telemetering and Remote Control, Future 
“it § Applications” — Luncheon Talk by: Conrad H. 
+ HE Hoeppner, W. L. Maxson Corp., 460 West 34th 
40.: Wg Street, New York, N. Y. 
v.e Wednesday, 26 May 
* Afternoon Session (2:30 to 5:30) 
Used in Information Handling—Data Reduction 
oak Chairman: Bernard S. Benson, Benson-Lehner 





Corp., 2340 Sawtelle Blvd., Los Angeles, Calif. 








Problems in Telemetry Data Reduction” 
A pale, Telecomputing Corp., Burbank, 
if. 





“Cost Reduction in Data Reduction” — D. B. 
Heng Benson-Lehner Corp., West Los Angeles, 






“A System For Recording and Reducing Air- 
plane Flight Data” — R. E. Colander, D. 
Evans, Bendix Aviation Corp., Pacific Division, 
North Hollywood, Calif. 


“A New Instrumentation Tape Recorder” — 
C. C. Shaw, Bing Crosby Enterprises, Inc., 
ics Division, Los Angeles, Calif. 


“A New Data Reduction Facility for PWM- 
Telemetry” — F. Bryant, Douglas Aircraft 
Co, Inc., Santa Monica, Calif. 


— ISA — 


“Let us stop worrying unduly about 
the business future. Let us reach up 
on the well-stocked research pantry 

, Select the best of what is there, 
aid exploit it intelligently. It is a 
steat sustaining resource. We have a 

Tesearch larder to fall back on be- 

smart management has  sup- 
Ported research both when times were 
800d and when they were bad”. From 
» “Research—Our Great Asset” 
NeRMICAL AND ENGINEERING 
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SAE Sets June Date for Session on 





Instrumentation Methods for Aircraft 
Jet Engine Testing at Atlantic City 


A tentative program has been an- 
nounced by the Society of Automotive 
Engineers for its Summer Meeting 
Session on “Instrumentation Methods 
for Aircraft Jet Engine Testing,” to be 
held at the Hotel Ambassador, Atlantic 
City, N. J., starting at two o'clock, 
June 10. The SAE Summer General 
Meeting dates are from June 6 through 
the 11th. 


Gaylord W. Newton of ARO, Inc., and 
Vice President for SAE Aircraft Power- 
plant Activity, is Session Chairman. 
Details of the Session, registration and 
reservations, may be obtained from W. 
W. Milne, Manager, Society of Automo- 
tive Engineers, Inc., Meetings Division, 


Instrument Department of 
Large Paper Manufacturer 
Has 100% ISA Membership 


Raymond Zack, Brown Instrument 
Division, Minneapolis-Honeywell Regu- 
lator Co., and President of the Cumber- 
land Section has proudly announced 
that all employees of the Instrument 
Department of the West Virginia Pulp 
and Paper Company have become mem- 
bers of the Instrument Society of 
America. 


29 West 39th St., New York 18, N. Y., 
telephone Longacre 5-7170. 

Six ten-minute presentations will be 
made during the afternoon, followed 
by a discussion period. The subjects 
are: 

Pressure Transducers by Professor Y. T. Li, 
Massachusetts Institute of Technology. 

Rotating Stall Sensing Elements will be pre- 
sented by a Wright Aeronautical representative. 

Fuel Flow Metering for Rapid Transients by 
R. E. Gorton of Pratt & Whitney Aircraft 
Corp. 

Experiences with Automatic Digital Data 
Processing by N. D. Sanders, NACA. 

AEDC Plans for Automatic Digital Data 
Processing by A. H. Hodges, ARO, Ine. 

A representative of the Instrument Society 
of America will be invited to serve as Secre- 
tary for this part of the General Meeting 
Session. 


Metals Society Plans Six 
New Scholarship Awards 


Six educational projects are being 
planned by the American Society for 
Metals, National Secretary W. H. 
Eisenman announced. 


Scholarships, cash awards, lectures, 
and instruction are being prepared for 
the nation’s schools by the society 
through its 85 chapters. 


The prospects will range from the 
junior high school level to universities. 


Another Recording Problem Solved by 


4 eCHN | CA CHART SPECIALISTS 
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SEGMENTAL 
RECORDING CHART 


Six records are made across the 
face of this Segmental Recording 
Chart. And, there are 24 separately 
numbered segments in one 12 foot 
loop giving a total of 144 variables 
recorded at higher speed and with 
greater readability than ever be- 
fore. It was developed coopera- 
tively with engineers of E. IL. 
DuPont de Nemours Co., Inc. 


So many recording techniques have 
been brought into use by both 
industry and instrument makers, 
that Technical has developed an 
engineering staff to handle the 
“Special” charts required. Standard 
instruments recording under un- 
usual process conditions, too, need 
“Special” charts. Whatever your 
chart problem — call Technical 
Charts, Inc. 





BUFFALO 10, N. Y. 





Nationally Represented by TECHNICAL SALES CORPORATION, 16599 Meyers Rood 
Detroit 35, Michigan 


Please mention ISA JOURNAL when writing. 
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187 Members in Four New ISA Sections 
Apply for National Society Charters 


The steady growth of the Instrument 
Society of America, now climbing over 
the 7500 mark, was given a healthy in- 
crease when the applications of four 
new Sections with 187 members were 
processed recently by the Sections and 
Memberships Committee and the Soci- 
ety’s National Office. 


Portland, Ore., Scioto Valley Section 
at Waverly, Ohio, New Orleans, La., 
and the Tampa Bay Section at Avon 
Park, Fla., are the latest of the new 
Sections to receive ISA National Char- 
ters. . 

Another Florida Section now being 
formed in Polk County with 22 new 
member-applications and four transfers 
is awaiting Charter approval. This 
group has been meeting in Lakeland, 
Fla., since November, 1953. T. C. 
Chitty, 702 Winfree Ave., Lakeland, is 
acting as Secretary. 

The Portland Section’s Charter was 
approved March 19 and its first regular 
Section meeting was held April 9. The 
Section will hold regular meetings the 
third Friday each month. The next 
meeting is May 21. The officers are, 
President, E. A. Woodworth; Vice 
President, L. J. Champion; Secretary, 
Vernon S. (Jack) Robyn; Treasurer, 
Leonard Bartel, and Delegate, Robert 
Martig. 

Scioto Valley Section, reported in the 
Journal, April issue, page 59, has a 
membership of 70. Joseph G. Henry, 
Goodyear Atomic Corp., Portsmouth, 


Ohio, is Secretary. Meetings will be 
held the first Monday each month, tem- 
porarily at the Waverly First Presby- 
terian Church, Waverly, Ohio. 

New Orleans’ Charter was approved 
April 14, and National Secretary 
Robert T. Sheen will make the presen- 
tation at a special Charter Meeting at 
Tulane University on June 1. This 
new Section starts with 40 Charter 
Members and 13 transferred members. 
The first meeting was held April 19, 
when G. F. Brockett of Fisher Gover- 
nor Company, Marshalltown, Iowa, 
gave a talk on diaphragm control 
valves. H. R. Gilbert, 1531 Fern St., 
New Orleans, held the post of tempor- 
ary Chairman, until election of officers 
at the first regular meeting. 

The New Orleans April 20 meeting 
elected the following permanent of- 
ficers for 1954; H. R. Gilbert, Presi- 
dent; P. H. Ewald, Vice President; 
Charles J. K. Broderson, Treasurer, 
and David G. Founds, Secretary. 

The Tampa Bay Section with 29 
memberships was also approved April 
14, and the first meeting held April 30, 
heard T. S. Waldrop of Republic Flow 
Meters Company, Chicago, Ill., as guest 
speaker. The geographical area to be 
covered by this West Central Florida 
Section is the Florida Power Corp., St. 
Petersburg, territory of 34 counties. 
Definite meeting place has not been 
determined, but meetings will be held 
at different locations to equalize travel 
for members in all sections of the area. 





A TOUR through engineering flight test laboratories at Boeing Airplane Company’s 


Wichita Division highlighted a recent meeting of the Wichita Section. 


Boeing’s Kansas 


plant is engaged in producing B-47 Stratojet bombers and RB-47 reconnaissance air- 
planes for the Air Force, together with tooling up to build the eight-jet Boeing B-52 
Stratofortress, America’s new intercontinental bomber. 
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SECTION CORRESPONDENT, 
are invited to submit leetiag. 


News directly to the Managin, F; 
Editor, National Office, 


DEADLINE is 15th of month 
preceding month of Proposes 


Publication. Clear glossy Photo 
of ‘‘action” news are desired, 


Cumberland Section Hosts to 
American Chemical Society 
Chapter In Joint Meeting 


In a joint meeting with members gf 
the Western Maryland Section Of the 
American Chemical Society, Cumbe. 
land ISA members as _ hosts, 
Paul A. Robert, Project Manager Of the 
Quality Control Division, Internatig. 
al Business Machine Corporation, Bnd. 
cott, N. Y., speak on “The Applicatig 
of the Punched Card Method of Quality 
Control.” 

Mr. Robert is Vice President of th 
American Society for Quality Contry 
and gained his experience in this fg 
during World War II when sam 
technique was introduced in the » 
ceptance of ordnance material. 
served in the Army Ordnance Depa 
ment, Rochester Ordnance Distrig 
from 1942 to 1946 as Assistant Chi¢ 
Inspector and Quality Control Officer 

Cumberland members made a toy 
of the National Bureau of Stam 
ards on May 7. The May 13 meeting 
will be held in the Herman Room@ 
the Queen City Brewing Company. 

The following committee was » 
pointed for the 1954 Educational Py 
gram: James W. Roberts, Chairmm 
Robert N. Wilson, James H. Hofima 
and Warren A. Hendricks. 

Plans for non-profit incorporationd 
the Cumberland Section are under th 
guidance of H. Nelson Sellers, i, 
Chairman, Earl C. Halterman and? 
Wade Coffey.—Clyde Babst. 

— ISA — 


Pittsburgh Iron and Steel 
Industry Instrument Show 


Breaks Attendance Record 

The two-day March Conference @ 
Instrumentation for the Iron and St#@ 
Industry, by now an event which evay 
steel instrument man _ between @ 
Atlantic Seaboard and Chicago cird# 
on his calendar when the year begitt 
and a natural for Pittsburgh, bri 
attendance records at its four 

Next year the Program Committ 
will keep an eye on the timing of @ 
IRE Show lest it divert many in 
ested men who would come to Pit 
burgh. 

The Instrument Exhibit which wa? 
first run feature this year found 
versal acclaim and is here to stay. 

Elections held at last month's 
ing put the following men in officel® 
the next year: L. R. Driskell, Pi@ 
dent; Dr. A. H. Peterson, Vice 
dent: B. H. Bremer, Secretary; TP 
Fulton, Treasurer; A. H. Shafer, 
tional Delegate; Richard Rimbach,® 
ternate Delegate; R. A. Lambert, 
Jacobs, R. G. Read, B. R. Hughes 
S. Swaney, Jr., and F. D. Marton™ 
constitute the Executive Committe” 
F. D. Marton. 
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Show Points Up 
n Growth in 
Puget Sound Area Industry 


be host to the Northwest 
eee show in the Seattle Civic 
torium, May 19 and 20. The show 
will feature approximately 70 exhibits 
the major instrument suppliers in 
the Northwest as weil aS many ex- 
pibits from California and Eastern 


—" year the show is sponsored by 

the ISA Seattle Section with the co- 
tion of the Richland, Washington, 
on, who have held similar shows 

d the past two years. 

oe i special significance in this 
5 show since the Northwest, and 

especially the Puget Sound area, is 

witnessing progressive applications of 

instruments in industry. 

Now under construction in the Puget 
Sound area are two major oil refineries 
gsing Canadian crude oil. Approval is 
soon expected on a pipeline to bring 
natural gas to the Pacific Northwest. 
These will be instrument-conscience in- 
dustries in addition to the present in- 
strument users such as the paper mills, 
Boeing Airplane Co., the Hanford 
atomic plants and others. 

President Wildhack has been invited 
to attend a banquet for Section mem- 
bers and exhibitors the evening before 
the show opens, and make presentation 
of the Section’s Charter. 


— ISA— 


Savannah River to Elect 
Officers at May Meeting 


Savannah River Section members 
will elect a new slate of officers for the 
1954-55 term at the regular meeting, 
May 12, at the American Legion Hall, 
North Augusta, S.C. The Nominating 
Committee has proposed for President, 
W. M. Baton and S. J. Reed; Vice Presi- 
dent, R. Clark and R. L. Lewis; Trea- 
surer, C. P. Gray and G. E. Higgins; 
Recording Secretary, G. Jeffreys and 
L. P. Skinner; Corresponding Secre- 
tary, C. A. Whitmore and F. O. Wiland; 
National Delegate, T. K. Conlon and F. 
D. Reed. Nominations may also be 
made from the floor. 

A film on instrumentation entitled, 
‘Its Only the Beginning,” will be 
shown.—L. P. Skinner. 


—ISA— 


ladies’ Night to Feature 
Columbus Section Meeting 


J. Homer Winkler, Technical Ad- 
visor, Battelle Memorial Institute, will 
speak on “Instrumentation in Modern 
Color Printing” at a dinner meeting 
honoring the ladies of members of the 

bus Section. The meeting will be 

held at the Pomerene Refectory, Ohio 
State University on May 20. 

e A. Hall, Jr., member of the 

on Engineering Department 

of the Bristol Company lectured at the 

Meeting on “Functional Unitized 

entation.” Mr. Hall’s talk, il- 

lustrated with slides, dealt with “What 

are these new instrument systems? 

and how are they different from 

older instrument systems? What 

are their features and what can they 

do for us?”"—Guy Speaker. 


May 1954 








SEATTLE’S NEW Civic Auditorium where the Pacific Northwest Instrumentation Show 


sponsored by the Portland Section with Richland Section co-operating will be held. 


Three-Man Programs Featured At Los Angeles Section Meetings 


Personnel from the Aerophysics 
Field Laboratory of North American 
Aviation, Inc., Santa Susana, Califor- 
nia, will speak at the June 30th meet- 
ing of the Los Angeles Section. 


Martin L. Klein, E. A. Rojec, and J. 
H. McQuiston will speak on “Magnetic 
Tape Recorders—A Measurement Tool.” 
Methods of handling large quantities 
of numerical data from  point-of-re- 
ceipt to computation, the magnetic-tape 
recorder in the study of high- and low- 
frequency instability, and problems of 
accurately recording on tape the elec- 
trical output of various types of trans- 
ducers, are some of the phases to be 
discussed. 


May Meeting 


The May 12 meeting of the Los An- 
geles Section consisted of short talks 
by Chris Wagner, Charles Waugh, and 


Sarnia Annual Meeting 
To be Held in Michigan 


The Annual Dinner meeting of the 
Sarnia Section will be held May 28 at 
Hotel Harrington, Port Huron, Mich. 
Officers for the 1954-1955 season will 
be installed at this time. 


Richard Rimbach, publisher of IJn- 
struments and Automation magazine 
and ISA Exhibit Manager will be the 
guest speaker. Mr. Rimbach will talk 
on “Economics of Automation.”—Larry 
Hall. 


— ISA— 


Steel Plant Tour Planned 
For ISA Members in May 


A tour of the Allegheny Ludlum 
Steel Company plant is scheduled for 
the May meeting of the Eastern New 
York Section. 

A. Cremiscio, Allegheny Ludlum 
Steel Company, was the guest speaker 
at the April meeting and his talk “In- 
strumentation in Steel Processing” in- 
formed members as to processes they 
will see during the tour.—Herbert 
Robinson. 


Roger Gilliland, Section members who 
have made a business of specializing 
in new and novel products. 

Chris Wagner discussed optical cen- 
tering and small-hole drilling problems 
on steel balls and slits. Charles Waugh 
described his company’s flow-sensing 
elements and systems incorporating a 
spinning turbine wheel, pulse-sensing 
and totalizing equipment. Roger Gilli- 
land presented information concerning 
the electronic approach to process con- 
trol. He described specific equipment 
and showed slides to illustrate the 
basic differences between electronic- 
and pneumatic-control systems. 


Corporate Member Drive 

As their part in the nation-wide ef- 
fort to secure Corporate Members of 
ISA, a solicitation of fifty firms in the 
Los Angeles area has begun under the 
chairmanship of Robert L. Galley. 


Oak Ridge Section Members 
Tour TVA Steam Plant 


A tour of the Kingston (Tennessee) 
Steam Plant, an installation of the 
Tennessee Valley Authority, was taken 
by members of the Oak Ridge Section, 
April 10. The Kingston Plant, largest 
steam power generating plant in the 
country, is in all stages of construction 
and partial operation. When com- 
pleted, the plant will produce 1,600,000 
kw of power for consumption in Oak 
Ridge AEC installations. 

Of particular interest was the in- 
strumentation of the plant, and the use 
of industrial television to indicate 
boiler-water drum-level.—C. M. Doo- 
little. 

— ISA— 


New Developments in Area 
Flow Meter Discussed 


Members of the Rochester Section 
heard of the many new developments 
in the area-type flow meter at their 
April meeting. Jackson Levis of 
Fischer & Porter Company gave a talk 
and demonstration on “Flow Measure- 
ments and Control with Area-Type 
Flow Meter”.—R. C. Schwarz, Jr. 
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“What's New in Science and 
Engineering” Heard by 
Five Technical Societies 


ISA Louisville Section was host to 
the local chapters of the American 
Society of Mechanical Engineers, Amer- 
ican Institute of Chemical Engineers, 
American Institute of Electrical Engi- 
neers and Institute of Radio Engineers 
at a meeting held at the University of 
Louisville’s Speed Engineering School 
Auditorium, April 5. 

Everett S. Lee, editor of GE Review 
gave a talk on “What’s New in Science 
and Engineering”. Mr. Lee is also 
manager of the Public Relations Divi- 
sion of General Electric Company.— 
Robert C. Thomas. 


— ISA — 


Albuquerque Section Proposes 
Building for Local Societies 


A building to house the activities of 
members of the Council of Technical 
and Scientific Societies has been pro- 
posed by the Albuquerque ISA Section. 
Cooperating local chapters of national 
societies are, American Society of Qual- 
ity Control, American Society of Tool 
Engineers, Sandia Base Radio Club, 
Society of Non-destructive Testing, 
American Society of Metals, American 
Radio Relay League, Institute of Radio 
Engineers, American Institute of Elec- 
trical Engineers, and Instrument So- 
ciety of America. 

A. F. Max of the Instrument Depart- 
ment of Field Test spoke on the “Art of 
Telemetering,” at the Section’s April 
8th meeting. 

The Section’s May 14th meeting will 
be devoted to business.—Frank N. 
Reeder. 

— ISA — 


Seismic Readings to Locate 
Oil Topic of North Texas 


E. J. Toomey, Chief Sales Engineer 
for Geophysical Equipment Company, 
Dallas, Texas, addressed the April 
meeting of the North Texas Section in 
the Minneapolis-Honeywell conference 
rooms, Dallas. 

Mr. Toomey’s talk was supplemented 
by three films showing the various 
types of equipment used in taking 
Seismic readings for locating oil in 
different parts of the world. 


The Section’s last meeting before the 
summer months will be held the sec- 
ond week of May at a date to be an- 
nounced.—/. B. Newman. 


7 


March 4th. 
Airline film was shown. 
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LADIES’ NIGHT CELEBRATED THE MUSCLE S$ 





Wayne County Installs 
Officers at Annual Banquet 


The newly elected officers of the 
Wayne County Section were installed 
on May 10 at the Annual Banquet meet- 
ing sponsored by Clark Brothers In- 
strument Company and Smith Instru- 
ment and Equipment Company. 

Taking office for the year are Presi- 
dent, Donald Roberge, Minneapolis- 
Honeywell Regulator Co.; Vice Presi- 
dent, Donald Davies, H. H. Barnum 
Co.; Secretary, William W. Walters, 


Pennsylvania Salt Co.: Treasurer, 
Robert Smith, Smith Instrument & 
Equipment Co.; National Delegate, 


Gerry Flowers, Industrial Instrument 
Supply & Mfg. Co. 

A plant tour of one of the leading 
proponents of industrial instrumenta- 
tion is scheduled for the June meeting, 
the last meeting of the current year.— 
Harold Dirkers. 







Hey boss: Something's gone 
wrong!...Looks like that Smog 
Recorder's suddenly dripping 
Sulpbur; What'll I ¢o sow! 
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This creature Juantsjito Instrumento 
is the brain-child of M. J. Ten Houte 
de Lange, art editor of the Aruba Sec- 
tion’s BULLETIN. Juantsjito is an 
impersonation of a creature known by 
professionals as the Instrument Man 
of the Latin American Oil Industry. 
As such, according to John, the artist, 
as reported in the Bulletin, Juantsjito 
is a mixture of the Aruban, Venezue- 
lan, Columbian, and many other South 
American nationalities and the races 
found among instruments. He is a 
hard-working, conscientious craftsman 
who is proud of his trade and con- 
scious of his obligations as to stand- 
ards of workmanship. Above all, he’s 
a “Latino Americano” and, as such, 
has his peculiarities. 

M. J. (John) Ten Houte de Lange’s 
cartoon above is his first introduction 
of Juantsjito (member ex-officio of the 
Arbua Section) to ISA JOURNAL 
readers.—Editor. 


New York and New Jersey 
Co-Sponsor Manhattan 





Instrumentation Conference 





The New York and New Jersey a. 
tions, ISA cooperated in sponssail See 





the Second Conference on Ingt ng 


tation in Water, Sewage and Ind ; 
Waste held April 20 at Manhattan qq 
lege. The objective of the Cong 
was to offer information on the ap 
tion of instrumentation and contro} 
water, sewage and industrial Waste 
treatment processes. 

Specific subjects discussed ing 
Flow Control, Nutrient Feed Con 
Stream Pollution, Sewage Treat 
Industrial Waste Treatment, gy 
Water Treatment. 


— ISA— 


Final Spring Meeting May 25 
For Presque Isle Section 


The final Spring meeting of th 
Presque Isle Section will be Ladiey 
Night on May 25 featuring a talk gf 
general interest and a luncheon, 

E. E. George, Manager of Design ang 
Application of the Carboloy Division g 
General Electric Company lectured a 
“Thermistors” at the April meeting, 

A joint meeting with American 
stitute of Electrical Engineers wa 
held in March and a lecture on high 
speed photography was presented if 
M. M. Haefele of Eastman Kodak @ 
—W. A. Spangenberg. 


SA 


Speed Control Discussed at 
New York Section Meeting 


The New York Section heard thre 
outstanding engineers discuss the dé 
sive field of speed control at their April 
meeting. 

J. S. Apperson of Speed Variator Dr 
vision, General Electric Co., coverél 
the subject of adjustable speed drive 
and the benefits that accrue to indir 
trial operations through their use 
Specific reference was made to dé 
tronically-controlled and brush-shiftiig 
motors. 

R. G. Olson, a specialist on hydraulit 
drives with the America Blower 
discussed this type of equipment @ 
speed adjustment for large fans 
feed pumps. 

A high-speed recording system @ 
accurately measuring deviations from 
a set value in the textile fibre indust] 
was outlined by W. E. Phillips of Lei 
& Northrup Company.—David M. Bre 
lauer. ‘ 





HOALS SECTION’S second anniversary dinner meeting at Wilson Dam, Alab sl 
Dr. Karl Hager of the Redstone Arsenal, Huntsville, Ala., gave a talk on ‘Guided Missles and Rockets.” An Eastem 
Composite picture of members and their wives.—By W. J. Brown. 
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| Meeting In Atlanta 


ers Circuits 


onal meeting was held in 

ta April 23 and 24 to discuss 

problems of various Sections 

jn the region and the ways in which 

ns could assist one another in 
these problems. 

A major accomplishment of the 

was the formation of three 
ers circuits to facilitate the pro- 
curement of qualified speakers for the 
us Sections involved. It is be- 
jieved that with the formation of these 
circuits a speaker will be able to ad- 
dress three groups with a minimum of 
travel and time away from home. 

Robert T. Sheen, National ISA Sec- 
retary, was the speaker at the opening 
gession. He very interestingly reviewed 
the history of ISA, its organization 
and functioning and what can be ex- 
pected in the future. He also presented 
colored slides of a 1952 European tour, 
a Mexican trip, the aftermath of the 
Texas City explosion, and air views of 
the Grand Canyon. 

On April 24, delegates from the vari- 
ous Sections met to discuss mutual 
problems. Sections sending delegates 
to this meeting were Atlanta, Birm- 
ingham, Muscle Shoals, Northeast 
Tennessee, Oak Ridge, Savannah River 
and Tullahoma. The organization of 
three speakers circuits, each circuit 
containing three Sections, was as fol- 
lows: 

1. Atlanta, Savannah River 
Oglethorpe. 

2. Birmingham, Muscle Shoals, and 
Tullahoma. 

3. Oak Ridge, Kingsport and Char- 


and 


lotte. 

Sections included in each of these 
speakers circuits will have their pro- 
gram chairmen meet in the near future 
to set up definite plans for inviting 
speakers to speak at their meetings. 

The delegates also planned to assist 
the new Section now being organized 
in Tampa, Fla., in arranging speakers 
for their various meetirgs. 

It was decided that delegates from 
the various Sections in the region will 
meet again at the First International 
Instrument Congress and Exposition 
in Philadelphia in September, to 
further plan a coordinated program 
among the Sections of the region. 

It was also decided that a Regional 
Meeting will again be held in April, 
1955.—W. C. White. 


The Oracle (Oak Ridge Automatic 
Computer Logical Engine) a general 
Purpose digital computer designed and 
constructed at Argonne National Labor- 
for use by the Mathematical 
at Oak Ridge National Labora- 
Was discussed at the May meeting 
Oak Ridge Section. 
logic of the computer was ex- 
by Charles Hubbard, a member 
Mathematical Panel of Oak 
National Laboratory. The engi- 
of it was discussed by Earl 
Development Engineer in the 
ent Department of Oak Ridge 
Laboratory. Mr. Burdette 
assigned by the laboratory to fol- 
the design, construction and instal- 
of the computer.—C. Doolittle. 
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CARL FOX, President of the Atlanta Section greeting Robert T. Sheen, ISA Secretary 


at the Southeastern Regional Meeting. Secretary Sheen reviewed the history of ISA. 





President Wildhack to Speak 
At Philadelphia Session 


C. L. Rouault, Supervisor for Ger- 
manium Products Application and 
Evaluation Engineering Section of 
General Electric Company will address 
the Technical Session of the Philadel- 
phia Section on May 19. His subject 
will be, “Transitors and their Indus- 
trial Application.” This meeting will 
be held at the Elks Club, 1320 Arch St., 
Philadelphia, with a dinner at 6:30, 
followed by a shirt sleeve clinic at 7:30 
and the Technical Session at 8:30. 

William A. Wildhack, President, In- 
strument Society of America, and Chief 
of the Office of Basic Instrumentation, 
National Bureau of Standards, will 
speak on the subject of “Instrumenta- 
tion at the U. S. Bureau of Standards,” 
at the Section’s June meeting. 

Joseph Wright, Belfield Valve Divi- 
sion, Minneapolis-Honeywell Regulator 
Co., conducted the April Meeting’s 
shirt sleeve clinic. He discussed the 
common maintenance methods in car- 
ing for topworks and valve bodies. 

Dr. Donald Eckman, Case Institute 
of Technology, spoke at the April meet- 
ing Technical Session and outlined the 
test data obtained in studying frequen- 
cy response characteristics of pneumat- 
ic motors. A lively discussion followed 
his talk which emphasized the simplic- 
ity and reliability of using the various 
types of pneumatic operators. 

The Philadelphia Section has voted 
to apply to the State of Pennsylvania 
for a non-profit corporation charter.— 
Donald H. Jones. 

— ISA — 


Now’s the time for company librar- 
ies to begin compiling a complete file 
of ISA Journals. Your company li- 
brarian would appreciate the tip. 


Northern Indiana Section 
Membership Nearly Doubled 


The April meeting of the Northern 
Indiana Section received a report from 
Miss Virginia Zugbaum, Membership 
Committee Chairman, that membership 
during the past year has increased 
ninety per cent. 


William Kayes, Section President, 
presented a report and some of his 
views obtained at the Iron and Steel 
Instrumentation Conference held in 
Pittsburgh, March 24-26. 


The highlight of the meeting was a 
panel discussion and general forum 
moderated by Jack Fregeau of Instru- 
ment Associates. William Theissen, 
Standard Oil Company, Harold Dahlke, 
Barber-Colman Company, Wheeleo Di- 
vision and Steve Majde, Askania Regu- 
lator Company served as the panel ex- 
perts. 


Theodore Krygoski, Union Carbide 
and Carbon Corp., reporting for the 
Elections Committee, gave the meet- 
ing election results for Section officers. 

The Section’s May meeting will be a 
social affair for the installation of 
officers. A dinner, entertainment and 
dancing, under the chairmanship of 
James Lohr, Entertainment Chairman, 
will be offered to members and their 
guests.—Z. H. Perry. 


— ISA — 


Errata 


The Albuquerque 
notice announced on page 54, March 
issue ISA Journal, that A. P. Gruer 
spoke on “Ghosts in Television,” at the 
February meeting, while L. G. Abra- 
ham was the speaker on this subject. 


Section meeting 
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G. A. REYNOLDS, (right) Manager, Production Division, Goodyear Atomic Corporation, 
Piketon, Ohio, principal speaker at the Scioto Valley Section’s April 5, organizational 
meeting; Joseph G. Henry (left) , of the Goodyear Atomic Corp., the Section’s Secretary, 
and Percy V. Jones, Jr., National Society Manager, open the meeting for 70 new ISA 
members. 





New Scioto Valiey Section Signs Up 70 New Members 


The Scioto Valley Section of the In- 
strument Society of America was 
promised early action on its Charter 
application by Percy V. Jones, Jr., 
Society Manager. The National mem- 
bership of ISA now exceeds 7,500. Mr. 
Jones attended the April 5 organiza- 
tional meeting of the Section and pre- 
sented a short history of the Society. 
He also answered questions concerning 
the National Society. He presented J. 
F. McFarren with an ISA lapel button 
as a door-prize. 


G. H. Reynolds, Manager of the Pro- 
duction Division of Goodyear Atomic 
Corporation was the speaker of the 
evening. Mr. Reynolds spoke Concern- 
ing the History of Goodyear Atomic 
Corporation and outlined the develop- 
ment of the corporation since its selec- 
tion by AEC in August 1952, as operat- 
ing contractor of the Portsmouth Area 
Gaseous Diffusion Plant. He spoke of 
the selection of A. J. Gracia as General 
Manager and the original 28 trans- 
ferees from the Goodyear Tire & Rub- 
ber Company, as the nucleous of the 
anticipated 4,000 permanent employees 
who will operate and administer the 
plant. Mr. Reynolds has badge No. 2. 


The selection of Pike County as the 
site for the new giant gaseous diffusion 





Instrumentation Problems in 


Steel Plants Is Subject of 
Central New York Meeting 


Gene March and Robert Lowe, repre- 
senting The Crucible Steel Company of 
America will address the final meeting 
of the Central New York Section on the 
subject of “Instrumentation Problems 
in a Steel Plant.” The meeting will be 
held at eight o’clock, June 7, at the 
General Electric Company’s Electronics 
Park, Syracuse. 


Members and guests will attend an 
informal dinner at Heid’s Restaurant, 
Liverpool, N. Y., at six o’clock. 
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plant was made because of its large 
coal supply and an abundance of water. 
Two thousand employees are expected 
to be drawn from the four county area 
surrounding the plant site. 


The plant, according to Mr. Rey- 
nolds, will utilize 85,000 instruments 
and 150 instrument mechanics will be 
required for operation and mainten- 
ance. He described the educational re- 
quirements for potential GAT em- 
ployees and the need for a large train- 
ing school program operated by GAT. 


In referring to the security clearance 
required for employment at GAT, he 
said that every employee should be 
proud of his “clearance” because, in 
addition to being a certification of 
loyalty, it was also a fine character 
recommendation. 


At conclusion of the meeting it was 
announced that membership of the 
Scioto Valley Section now numbers 70. 


Robert Cottingham, temporary chair- 
man of the Scioto Valley Section made 
the following committee appointments: 
Nominating Committee; R. K. Wagen- 
blast, Chairman, J. Hooker, Gregory 
Sali, and R. C. Beardsworth. Program 
Committee; Jack Sharp, Chairman.— 
Joseph G. Henry. 


Gas Analysis Subject of 


South Texas April Meeting 


Karl Zeighler, Sales Manager of the 
Southwest District of the Hays Cor- 
poration, presented an interesting il- 
lustrated talk and demonstration equip- 
ment at the regular April meeting of 
the South Texas Section held at the 
Engineers Club in Corpus Christi. 

Mr. Zeighler’s talk and demonstra- 
tions clarified many old questions con- 
cerning “Gas Analysis.” 

Oke Muller and George Sickler of 
Power Specialty Company, the Hays 
Corporation representatives, provided 
the snack bar and refreshments for 
the meeting.—R. L. Nickens. 





Central Keystone Reports 
Successful Instrument Fair 
Central-Keystone Section a 





first Instrument Fair at the 
Shore Country Club on April 22. 
was the first function of its type to 
sponsored by the Section, since its 
ception in September 1953. 

R. D. Turkington, of the A 
Cork Company, Lancaster, Pg 
President of the Section presided 
the Fair. C. A. Kohr, Radio 
tion of America, Lancaster, Pg 
the Program and Fair mit 
Chairman. 7 

Guests attending the Fair Dumberg 
about 400, and included plant 
neers, instrument technicians, an 
maintenance engineers. 

The 41 exhibits contained the 
process control equipment, and the @ 
hibitors seemed to use this Fair ag, 
sounding board in preparation for the 
First International Instrument Co 
gress and Exposition in Phil 
next September.— William Nagorny, 


Central New York Reports 
On April and May Meetings 


Central New York Section’s Api 
meeting was held at the General Bia 
tric Co., Electronics Park, Syracuse 

Subject of the meeting was Milligg 
Pyrometers as given by C. Clagm 
Mr. Claeson is an application engin 
for the Wheelco Instrument Divisiong 
Barber-Colman Co. Richard Manig 
Central New York representative? 
Barber-Colman Co., was host dum 
Mr. Claeson’s stay in Syracuse. 

The May 3 meeting was held at Ba 
tronics Park and featured an ie 
trated talk on pH Spectro Photomeéy 
and Flame Photometry by A. Doni 
Herbert, Buffalo Field Engineer 
Beckman Instruments, Ine. So 
Pasadena, Calif. 

Karl Robertson, Nominating Chit 
man, Minneapolis-Honeywell Regulait 
Co., Brown Instrument Division, af 
gested the following slate of offen 
for 1954-1955: Chairman, Fred | 
Lingel, General Electric Compaly 
Vice Chairman, Harvey Davis, Bris 
Laboratories; Secretary, James f 
Shepard, Brown Instrument Divisit 
Corresponding Secretary, Edward ¥ 
Kearns, General Electric Co.; Tr 
urer, Eugene Brick, Solvay Prom 
Co.; Program Chairman, Richi 
Manier, Barber-Colman Co.; Ment 
ship Chairman, Clifford Davies, Gai@ 
al Electric Co.; and Attendance Cit 
man, Leon Churchill, Crucible Si@ 
Company of America. — Bdwart® 
Kearns. 


Bendix Aviation Sonar Expert 
Discusses Ultra-Viscoson 


The Ultra-Viscoson, developed # 
Rich and Roth, sonar experts dumm 
World War II, was the topic of 
April meeting of the Akron 
George R. Rosenblit, Application 
Development Engineer, Cincinnati ® 
vision, Bendix Aviation Corp © 
lightened members as to the 
operation and various application? 
the Ultra-Viscoson.—D. Pearse. % 
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May 1954 


of 


‘(atral Indiana May 


Name to 
Besos Section 


June meeting of the Central 

Section will receive a petition 
to amend its by-laws to change the 
name of the Central Indiana Section to 
polis Section of the Instru- 
ment Society of America.” 

The Citizen’s Gas and Coke Utility, 
Indianapolis, were hosts to the May 
meeting in a conducted tour of the 
Prospect Street plant. 

The following committee appoint- 
ments by President Norman Krone 
were approved by the Board of Direc- 

: m Chairman, Morris Un- 
derwood; Membership Chairman, Oren 
Ruff; Nominating Committee, William 
Johnson, Chairman, members, Norman 
Krone, William Baldwin, Morris Un- 
derwood, Leslie Collet, J. B. Brill and 
Harvey Rockwell. Employment Com- 
mittee, F. D. Wallace, Jr., Historian, D. 
A. Graham and Roster Book Commit- 
tee, E. F. Colditz. 

Hewitt Talbot was elected by the 
Board to serve as Director-at-Large un- 
til December 1954, succeeding J. C. 
Gruber, whose term expired.—Leon (C. 
Stewart. 

— ISA — 


Sabine-Neches Section Holds 
Double Header April Meeting 


The usual fourth-Tuesday meeting of 
the Sabine-Neches Section for April 
was moved up to April 15 and 16 to 
obtain two prominent speakers for a 
double-header meeting. 


The first meeting, a joint affair with 
the Institute of Radio Engineers, was 
addressed by Dr. John Trimmer, Head 
of Physics Department, University of 
Tennessee, and consultant to the Atom- 
ie Energy Commission on instrumenta- 
tim. His subject was “Instrumenta- 
tion and Control of Physical Systems.” 
The meeting was held at the Gulf 
States Service Center in Beaumont, 
Texas, 

J. E. Casey, Field Engineer, Leeds & 
Northrup Co., Chicago, conducted an 
Instrument Maintenance Clinic for the 
Second meeting in the Engineering 
building of the Lamar College, Beau- 
mont. ee eaoeet was “Leeds and 

Pp ecorder and Conducti- 
vity Instruments,” directed primarily 
to instrument maintenancemen. His 
talk was basic and covered primary 
ements, amplifiers and recorders. 

The special double-header programs 
Were arranged by the Section’s Pro- 
oy Chairman R. L. Patton of the 

Oil Corp.—J. W. Donnelly. 


— ISA — 


Colgate Palmolive Company 
Toured by ISA Members 


Hardy Culver, Colgate Palmolive 
Company, was host to the Kansas City 
for the Annual Inspection 

a . Members visited sever- 
@ production processes depart- 

Ments and their associated instrumen- 
tations. This was the last regular 
ya of the Kansas City Section 

Season.—R. Benninghoven. 


= 
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ISA Members Tour 


NBS Instrument Laboratories 


William A. Wildhack, President of 
the Instrument Society of America and 
Chief of the Office of Basic Instrumen- 
tation of the National Bureau of Stand- 
ards arranged a special tour of the 
National Bureau of Standards Instru- 
mentation Laboratories on May 7 for 
members of the Cumberland, Balti- 
more, Philadelphia, Blue Ridge, Wil- 
mington and Washington Sections. 


At the April meeting of the Washing- 
ton Section, Porter Hart, Past Nation- 
al President of ISA gave a talk on “In- 
strumentation Abroad.” Mr. Hart gave 
first hand information on process in- 
strumentation progress made in Eng- 
land, Germany, Switzerland, Italy and 
France which he observed during his 
recent trip through these countries in- 
viting foreign organizations to partici- 
pate in the Instrument Society of 
America First International Instru- 
ment Congress and Exposition to be 
held in Philadelphia, September 13-24, 
1954.—Justin J. Shapiro. 


— ISA — 


St. Louis Section Elects 
Officers for 1954-1955 


The following officers of the St. 
Louis Section were unanimously 
elected for the 1954-1955 term: Chair- 
man, L. D. Cipriano; Vice Chairman, 
Edward Monaco; Secretary, William 
G. Lee; Treasurer, Howard S. Wil- 
helmj; National Council Delegate, 
John V. Opie—William G. Lee. 


Baltimore Section Elects 
Five New Council Members 


The following have been elected as 
members of the Baltimore Section’s 
Council: Harry J. Smith, Glenn L. 
Martin Co.; Richard J. Stark, Bethle- 
hem Steel Co.; Orval Anderson, Mathie- 
son Chemical Corp.; and L. H. Harper, 
American Car & Foundry Co. 

The May 14 meeting has been desig- 
nated as “Ladies’ Night”. 

“Supervisory Instruments for Steam 
Turbines” was the topic of M. P. Vore’s 
talk at the April meeting. Mr. Vore, 
Section Manager of the Industrial 
Equipment Engineering Electronics Di- 
vision, Westinghouse Electric & Manu- 
facturing Company illustrated his talk 
with slides. 

John D. Berwick, Assistant Combus- 
tion Engineer, Bethlehem Steel Com- 
pany was the instructor at the lecture 
course preceding the meeting. His 
subject was “Typical Control Problems 
and Actual Control Demonstration”.— 


Cc. L. White. 
— ISA — 


Industrial Applications 
Discussed at Meeting 


Francis H. Beaupre, Sales Manager 
of Wheelco Instrument Division, Bar- 
ber-Colman Company was the guest 
speaker at the April meeting of the 
Toronto Section. Mr. Beaupre has 
had wide experience in industrial ap- 
plication and his talk “A Practical 
Approach to Industrial Instrument Ap- 
plication and Service” was based on 
this knowledge.—J. W. Huether. 
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Northern Indiana Section Co-Sponsors 
Purdue Industrial Instruments Symposium 








Purdue University Calumet Center in 
cooperation with the Northern Indiana 
Section of the Instrument Society of 
America, and the industries of the 
Calumet area, sponsored an Industrial 
Instruments Symposium at Hammond, 
Ind., on May 15. 


William Hitt, Instrument Supervisor 
with Socony Vacuum Oil Co., and Past 
President of the ISA Section, was the 
chairman. Copies of Your Company 


and ISA were distributed during the 
Symposium. 

The three sessions heard talks on 
“Instruments in Modern Industry,” by 
Nathan Cohn, Manager West Central 
Region, Leeds and Northrup Co., “In- 
struments of the Future,” by R. A. 
Schlegel, Industrial Division, Minnea- 
polis-Honeywell Regulator Co., and 
“Instrument Departments in Industry,” 
by Jerome B. McMahon, Chicago, IIl1., 
Past National President of ISA. 


IRE Report - Frontiers Of Industrial Instrumentation 





by Ralph R. Batcher 


The radio-electronic industry, with 
its many corollary interests has al- 
ways pioneered in the field of accurate 
measurements in every phase of its 
work. 

Attendance at the National Conven- 
tion of the Institute of Radio Engi- 
neers each Spring is one way whereby 
instrument men can find dozens of new 
techniques that can be “lifted” for 
other applications. With over 240 
papers and more than 600 exhibitors 
this year’s show developments offer 
the reporter many pages of informa- 
tion of interest. Unfortunately with 
as many as seven simultaneous ses- 


sions in progress it is impossible for 
a single reporter to cover in detail all 
the papers, but the convention reports 
are made available in eleven classi- 
fied sections covering all papers. 


Of these papers, nine were on tele- 
metering, eleven on computers, seven- 
teen on medical instrumentation using 
electronic and nuclear methods, nine- 
teen papers on general instrumenta- 
tion methods (not counting the many 
special measuring fields of micro- 
waves, etc.) and ten papers on ultra- 
sonics. Each of these papers intro- 
duced new principles or methods, as 
they were selected from the hundreds 
that were offered for the program. 
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Are You Wearing Your 
ISA Emblem Lapel Button? 


All ISA members are urged to wear the Society's attractive gold 
lapel button designed in the shape of the official ISA emblem: 
inlaid with white enamel and approximately one-half inch high. 
Gold-filled button $2. Gold-plated button $5. 


A beautifully designed gold-filled tie-clasp is also available. The 
Society emblem is suspended in the form of a key and priced at $5. 


IF YOU DON’T HAVE A BUTTON — 
ORDER YOURS TODAY 





INSTRUMENT SOCIETY OF AMERICA 
1319 Allegheny Avenue — Pittsburgh 33, Pa. 
Please send me the following official ISA jewelry I have checked below. 
Payment for the amount checked is enclosed. 
[] Gold-filled Lapel Button __...... 
[] Gold-plated Lapel Button -... 
C) Tie-clasp with chain and gold-filled official ISA emblem...... $5.00 








One cannot fail to see trends 
formed that will doubtless see » 
expansion in the field of indus¢ 
strumentation. Three items se 
be quite in evidence, which in y 
terms are: 


Automatic Thinking : 

Computer systems (which « 
much simpler than the mass’ 
puter systems displayed for ham 
mathematical c-i.putations) ean, 
bine the moment-to-moment y 
in controlling a process, so as toe 
late the effects of temperatures, 
rates, concentrations, and other fs 
tors, each in accordance with thy! 
actual (and usually non-linear) rel. 
tions between cause and eff 
produce continuous control with 
accuracy not possible with the Most 
skillful manual controls. 












i 
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Centralized Recording 

It is easy to predict that the 
practice of keeping day-by-day recon 
of the many phases of a process 
means of circular or strip ae 
might soon become obsolete, 


Frequency-modulated signals 
magnetic tape systems can be reconda 
remotely on a continuous basis wih 
simple applications of known te 
niques, and then transferred backatm 
quired intervals over wire lines at high 
speeds, and converted to permana 
records of any type (visual chary 
punched cards, curves or even 
arrangements) as needed, or simpy 
analyzed and wiped out if the dip 
proves unimportant. a 

Indeed in this speed-up of the 
port-back of the data, the distinct 
ness of the modulated tones becomm: 
greater, and simple aural i 
checks give much information to i 
analyzer (either a person or ali 
strument) that will indicate whethers 
permanent record is needed, ‘ 


Production Techniques E 
The certification of product qualify 
on a continuous basis, added to alle 


matic counting, or weighing or pate 
aging, presents interesting 7 
ties. There are several methods & 
continuous “snooping” at remote pare 
of the plant by suitable indicators ait 
telemetering, or even by sim 
television cameras, now ready for 
process plant. Greater efforts arete 
ing made by designing engineers # 
applying the fail-safe principles. 
These systems may seem expeniilt 
to be sure, but there should be malj 
situations where their use will p i 
economical. Well-instrumented a 
trol of a detail in production may el 
inate all manual operations and pe 
mit unattended functioning. We 
personnel eliminated there may bem 
need for housing for some Pp : 
the plant and open air operation @ 
be possible. Savings due to both 2 
tors might produce economies ? 
would make instrumentation costs ® 


significant. a 


Boston Section to Accept 
Affiliate Memberships 


The Boston Section’s Executive & 
mittee has voted to amend the Secum 
constitution to establish an al 
membership to extend certain J 
leges to persons interested in ob 
meeting notices. 
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by Morris G. Moses 








Printed Copies of patents are avail- 
able at 25¢ each, design patents 10c 
In ordering, clearly identify by 

and title all material desired. 

All fees must be paid in advance, in 
United States currency, Post Office 
Money Order or Certified Check, payable 
to the Commissioner of Patents, Wash- 


ington 25, D. C. 











No, 2,666,164—ELECTRONIC 
CONDUCTIVITY METER 

A balanced AC Bridge type instrument with 
“Blectron ray eye tube” indication for conduc- 
tivity measurements. 
No, 2,666,329 —ILLUMINATED 
THERMOMETER 

System for a luminous scale thermometer 
capable of being read in the dark. 
No, 2,666,584 COMBUSTION CONTROL 
APPARATUS 

A combustion contro] system with tempera- 
ture regulation setting the fluid flow though 


the system. 

No. 2,666,585—PNEUMATIC SYSTEM 

A description of a ““Remote—Set” controller 
having the common modes of response. 

No, 2,666,823—FLOAT SWITCH 

Design for industrial float switch utilizing 
novel magnetic linkage over arc-like path of 


motion. 
No. 2,666,889—CONTROL APPARATUS 

An electrical controller design for time- 
proportioning with automatic reset for furnace 
and heater applications. 
No. 2,666,893—MAGNETIC 
SUSCEPTIBILITY APPARATUS 

An English design with suspension of test 
piece in flux chamber and means of measuring 
angular displacement of test piece due to 
magnetic susceptibility. 
No. 2,666,904—-MICROWAVE FREQUENCY 


A frequency meter of the cavity resonator 
type with variable speed transmission incor- 
porated in the tuning movement from low fre- 
quency to high frequency positions. 


No. 2,667,071—-APPARATUS FOR FORCE 
BALANCE 


A capacity vane oscillator coupled to a 
vacuum tube balanced bridge amplifier produces 
& magnetic torque which repositions the vane 
fystem. The vane system is coupled to the 
outside measurement by a linkage. 


No. 2,667,072-FLOW MEASURING 
INSTRUMENT 


A displacement type flow meter with turbine 
Buckets. Shaft from turbine is connected to 
4 totalizing device. 


No. 2,667,102—PHOTOELECTRIC 
APPARATUS - 


A control system utilizing a gas photoelectric 
Dower supply, and cathode follower am- 


No, 2,667,147—VOLUME METER 
irae .teplncoment type fluid meter 
pair of dia d i 
OF ae ragms and a recipro- 
9 2,667,159—-PLETHYSMOGRAPH 
Aira atinetiy novel flow meter for measuring 
flow in humans by changes in an ex- 
inductive coil which is part of an 
race circuit. 
7,553—HERMETICAL 
THERMOSTAT el nase 


for a moisture-tight hermetically 


Sealed bimetallic switch. 
2,667,780—ULTRASONIC INSPECTION 


An ultrasonic gage with oscilloscope display 
. — transducers set at 
soupte?-782—MEASURING VOLUMES OF 
A pneumatic device consisting of a collapsible 
pooe on made of rubber within a sealed 
chamber. Expansion of sample cham- 
changes back-pressure to a pressure indi- 
ream — ment calibrated in terms of sample 





No. 2,667,784—PISTON METER 

An excellent example of a patent describing 
the piston type positive displacement fluid 
meter. 


No, 2,667,786—CAPACITOR PRESSURE 
GAGE 


A design for an electropneumatic capacitor 
consisting of a conductive diaphragm respon- 
sive to pressure changes and a nearby conduc- 
tive member. The conductive members and 
their spacing form a capacitor for input to 
measuring circuit. 

No. 2,667,860—VALVE POSITIONER 

A design for an integral, top-stem mounted 

positioner of the stack diaphragm type. 


No. 2,667,886—FLUID PRESSURE 
TRANSMITTER 

A pneumatic transmitter utilizing a pressure 
bourdon, nozzle and flapper, and an auxiliary 
bourdon, nozzle, and flapper. The auxiliary 
unit amplifies the signal of the first unit. 


No. 2,668,202—MOISTURE RESPONSIVE 
DEVICE 

A flexible pad member made up of conductors 
separated by porous members. When moisture 
content of assembly changes, the electrical 
resistance is altered accordingly. 


No. 2,668,243—INFRARED GAS ANALYZER 

Design of an infra red analyzer utilizing dual 
detector chambers with compensator and sen- 
sitizer cells. Temperature rise in the detector 
chambers is used as measure of unknown 
material in sensitizer cell. 


No. 2, 668,245—RADIATION MONITOR 

An _ electromechanically charged ionization 
meter whose reading depends upon electrostatic 
leakage. 


No. 2,668,264—MEASU RING SYSTEM 

One of the basic patents covering balanced 
bridge operation in strip chart recording 
mechanisms held by one of the oldest manu- 
facturers of this type of instrument. 


No. 2,668,396—GAS REGULATOR 

diaphragm-spring type pressure regulator 
with an unusually large conical valve seating 
arrangement. 


No. 2,668,438—BUBBLE TUBE 

A specialized design of bubbler tube for 
specific gravity measurements comprising a 
hollow cylinder having its lower end closed; 
a single element opening in the side wall, and 
a divider element dividing the opening into a 
bubble emitting opening and a damping orifice. 


——__—_—_—x 


Employment Service 





Employers are invited to submit list- 
ings for this free service. Announce- 
ments for “Positions Wanted” are not 
published. Write to Instrument Society 
of America, 1319 Allegheny Ave., Pitts- 
burgh 33, Pa. 

INSTRUMENT MECHANICS—Experienced in 
repairs and maintenance of electronic and 
pneumatic control instruments. Large oil re- 
finery in St. Louis area. Liberal benefit plans. 
: working conditions. Box 935. 
INSTRUMENT MAN—Southern Kraft Paper- 
board Manufacturer has opening in new plant 
for men with minimum of three years experi- 
ence servicing and maintaining control instru- 
ments. Location: Georgia. Box 936. 
INSTRUMENT ENGINEER—Graduate Engi- 
neer ten years experience in varied application 
work should be able to analyze a customer's 
specification and apply the proper control 
somponents to our standard pumps. Will re- 
quire a knowledge of electronics, chemical and 
mechanical controls for automatic proportion- 
ing, ratio control, pH control, temperature, 
pressure or conductivity control. Many em- 
ployee benefits. Send Resume including Patent 
Numbers and Salary desired. Box 937. 


GOVERNMENT SERVICES 


To apply for any of the following Federal 
Agency positions, write direct to the Agency 
holding the position for official application 
form. 


U. 8S. NAVY ELECTRONICS LABORATORY, 
SAN DIEGO, CALIFORNIA 

MECHANICAL ENGINEER—Plans or assists 
in planning mechanical evaluation tests of 
Naval electronic equipment; prepares engineer- 
ing reports on tests; and engages in research 
in fields of shock and vibration, $5060, $4205, 
$3410 per annum. 

U. S. NAVAL ORDNANCE TEST STATION, 
CHINA LAKE, CALIFORNIA 
MATHEMATICIAN — STATISTICIAN — In- 
cumbent will apply statistical tools and tech- 
niques toe problems arising in the Test Depart- 
ment in conjunction with the testing and 


evaluation of rockets and guided missiles. $5940 
per annum. 









sistance range. 





Dalohm deposited carbon re- 
sistors are manufactured un- 
der rigid controls to deliver 
matchless performance and 
economy in any high-low re- 


Dalohm resistors are sealed 
against moisture with special 


v 


STABILITY! 


resistance to abrasion. 





From 1 Ohm to 200 Megohms, 
depending on type. 


Temperature coefficient 200 
PPM per degree C for lower re- 
sistance ranges up to 500 PPM 
per degree C for higher ranges. 


silicone coating having high 


di-electric strength, excellent 
thermal conductivity, and high 








Please mention ISA JOURNAL when writing. 


1332 28th Ave. 


1% accuracy. 2%, 5%, and 
10% tolerances also available. 


Write, Wire or Call 
Phone 2139 





The most interesting thing to 
most people — is other people 


Charles L. Saunders, a member of 
the Chicago Section and the 1952 
Chairman of the Instrument Industry 
Committee, has been elected Chairman 
of the Board, Saunders, Shrout and 
Associates, Chicago advertising agen- 
cy. He has become associated with his 
brother, Robert P. Saunders, in part- 
nership in Control Equipment Com- 
pany, Atlanta, Ga. As manufacturers’ 
agents the company’s principal ac- 
counts are, Panellit, Inc., Automatic 
Temperature Control Co., Hammel- 
Dahl Co., Continental Equipment Co., 
Instruments, Inc., Precision Thermom- 
eter & Instrument Co., Acragage 
Corp., and Kendall Controls Co. Mr. 
Saunders expects to be active in the 
Savannah Section. 

— ISA— 

Lester F. Boss, Chicago Section mem- 
ber, is no longer associated with the 
Ohmart Corporation as branch man- 
ager. The Mid-western Sales office was 
terminated immediately upon the clos- 
ing of the 1953 ISA Exhibit. 

—ISA— 
Washington Section President Ray 
Miller has named Edward C. Lloyd and 
S. J. Womack as delegates, and Owen 
Fairchild and Kenneth Boley, alter- 
nates, to represent ISA in the D. C. 
Council of Engineering and Architec- 
tural Societies. _The CEAS is influen- 
tial in urging Congress to pass the 
Professional Engineers’ Registration 
Act. The society speaks and acts for 
the interest of engineers over the na- 
tion, specifically for the local chapters 
of AIEE, ASME, IRE, SAE and ISA, 
as well as 26 other professional 
groups. 

=~ 1A, as 

R. J. Karr, Wayne County Section’s 
National Delegate, and Lester Salliot, 
both of Wyandotte Chemicals Co., re- 
cently attended a two-session school on 
hydraulic operated controls at the 
Askania Co., Chicago. 

—ISA— 

Dr. Wiliam A. Geyger’s new book, 
Magnetic Amplifier Circuits, covering 
the history, fundamental principles, 
characteristics and applications of 
maznetic amplifiers was released in 
February by McGraw-Hill Book Co. 
Dr. Geyger’s pioneering work on satur- 
able core reactors is well known here 
and abroad. He is now with the Naval 
Ordance Laboratories at White Oak, 
Md. Dr. Geyger joined ISA last year. 

—iSA— 

William Jackson, a member of the 
Wayne County (Michigan) Section is 
now employed in the Instrument De- 
partment of McLouth Steel Corp., 
Trenton, Mich. 

— ISA— 

John Hambright has hung his own 
shingle. His organization is named 
Pyrometer Service Co., 17121 Greeley 
Ave., Detroit, Mich. Mr. Hambright 
is a member of the Wayne County 
Section. 
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Two midwestern ISA Sections were 
well represented at the Iron and Steel 
Instrumentation Conference, sponsored 
by the Pittsburgh Section, March 24- 
26. William Kayes, Inland Steel Com- 
pany and President of the Northern 
Indiana Section, and Earl Bush, 
Brown Instrument Division, Minneap- 
olis-Honeywell Regulator Company, 
President of the Chicago Section, at- 
tended the three-day Conference and 
“brought back a store of interesting 
and helpful information for their Sec- 
tions’ ”” members. 


J. Delewski, instrument technician, a 
Wayne County Section member, re- 
cently accepted a position in the instru- 
ment department of McLouth Steel Co., 
Trenton, Mich. 

mAtsSauw 

C. L. (Bob) White, Program Editor 
of the Baltimore Section, has joined 
the Hammarlund Manufacturing Co., 
Inc. as Chief Liaison Engineer. Bob 
formerly was a Sales’ Engineer for 
Dowan Engineering Company and R. 
B. Barnhill Associates in Baltimore. 


W. G. Baker, Jr., of the Instrument 
Department of the American Enka 
Corp., Lowland, Tenn., and a member 
of the St. Louis Section, is the author 
of an article in the May, 1954 issue of 
Southern Power é& Industry, entitled 
Instruments and Controls. The sub- 
ject of his article is devoted to tools, 
equipment and system for handling the 
maintenance job. 

— ISA — 

Joseph D. Yanak of the M. W. Kel- 
logg Co., has been advanced to chief 
of the company’s Instrument Section. 
He succeeds Jack Rearick who is now 
with C. W. Nofsinger Co., contracting 
engineers, Kansas City, Mo. Mr. 
Yanak is a member of the New Jersey 
Section. 

— SA — 

Floyd B. Simpson, formerly with E. 
I. du Pont de Nemours & Co., as super- 
visor of Instrument Training Program 
at Charlestown, Ind., has joined In- 
dustrial Engineering Co., Inc., Louis- 
ville, Ky., as Engineering Supervisor. 
Mr. Simpson is a member of the Louis- 
ville Section. * 

ef ee 


Applied Research Lab Names 
A. E. Bernhard as Western 


District Representative 


Alvin E. Bernhard has been ap- 
pointed Western District Representa- 
tive of the Applied Research Labora- 

tories, Glendale, 
Calif. 

Prior to his 
present appoint- 
ment, Mr. Bern- 
hard was mana- 
ger of the com- 
pany’s Quanto- 
meter  instru- 
ment plant in 
Glendale. 

The company’s 
line consists of 
optical emission 
and x-ray fluor- 
escence equip- 
ment. They man- 

ufacture spectrographs, Quantometers, 
densitometers, and source excitation 
units along with accessories required 
to complete a spectrochemical labora- 
tory. 


Dr. William G. Bro 
Retires From Staff of 


National Bureau Sta 


Dr. William G. Brombacher, ¢ 
the Mechanical Instruments § 
the National Bureau of Stané 

past F 
of the | 
ington Secin 
of the Inge 
ment Soci 
of Amerie 
has rectal 
after 35 Yeary 
service, 
Dr. Br 
bacher, he 
— 88 One gf 
the country; 
leading authe 
ities on m 
chanicali 
struments ai 
oxygen 
ment, has been a section chief at Ni} 
since 1926 when he was appoint 
Chief of Aeronautic Instruments fj 
tion. During his career at NBS hele 
made many contributions to the ge 
ernment’s research program in 
chanical instruments. 

This work has centered around i 
problem of refining and developiy 
more accurate standards of press 
and humidity and related physig 
quantities. Under his direction i 
section has extended the ranged 
precise pressure measurement % 
200,000 psi and down to 0.00001 fi 

He is a past President of the Phik 
sophical Society of Washington, anit 
chairman of the ISA Structure a 
Planning Committee, a member off 
ISA Editorial Board, and has ser 
on the Executive Board. Recently® 
completed a term as chairman of 
Instrument and Regulation Divisio# 
the American Society of Mechania 
Engineers, and as a member of ® 
contest board of the National Aeroiir 
tic Association he has been responsi 
for certification of all barograph ® 
ords made on world record airerl 
and balloon flights. 

Dr. Brombacher was born in Cet 
land, Ohio, in 1891. He attended la 
Forest college for undergraduate a 
graduate work, receiving his MA® 
physics in 1917. He continued # 
studies at Johns Hopkins Univertif 
in 1919 and received his Ph.D. in 8% 
the same year he joined the staf 
NBS. 


Errata 

In the article entitled “Determinalit 
of Minimum Capacities for Control ay 
plications,” By F. W. Velguth and 
C. Anderson, Page 34, February # 
issue of ISA JOURNAL, The equau® 
(7) in the third column should 
as follows: 

Two tanks with unequal volun 


AC=(C,—0.)- : 


V: —Ft/V: 
i- e 
V; —-V; 
V: —Ft/V» 
+ —— e 
V; -V, 
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Willem J, Van Der Zwaan, Spritzer & Fuhr- 
mann Ltd. 


A 
Donald E. Novy, Republic Flow Meters Co. 


Robert R. Dickey, Parker Appliance Co. 
Thomas S. Elliott, Energy Control Corp. 


Robert Hutchinson, Jr., W. A. Rockwell Co. 
C. a Jewett, Arthur D. Little, Inc. 


CAROLINA PEIDMONT 
Campbell Dunn Moorefield, Barber-Colman 
Co. 


CENTRAL ILLINOIS 
David H. Kruse, Keystone Steel & Wire Co. 
Richard Wayne Gaumer, Keystone Steel & 


Wire Co. ; 
Kenneth H. Petri, Keystone Steel & Wire Co. 


CENTRAL KEYSTONE 
L. Kenneth Ettinger, Jr., Armstrong Cork 


Co. 
Raymond E. Hess, S. Morgan Smith Co. 
CHICAGO 


Earl M. Delly, The Foxboro Co. 
Robert S. King, Corn Products Refining Co. 


CLEVELAND 
Holstein D. Fox, Jr., A. E. Ehrke & Co. 
James Dana Hickel, A. E. Ehrke & Co. 
William C. Juram, Jr., The Bristol Co. 


John A. Gerber, U. S. Army 
Floyd R. Thumme, Rocky Mountain Arsenal 


EASTERN NEW YORK 


David E. Collins, Associated Engineers Inc. 
8. Cremisio, Allegheny Ludlum Steel 


John F. Gemmill, Behr-Manning Co. 


HOUSTON 
William G. Dudley, Gulf Publishing Co. 
G, K. Harrison, Tin Processing Corp. 
R. Moore, Industrial Generating Co. 
LOUISVILLE 


Chas A. Bastin, General Electric Co. 
<< Segue Marks, Air Pollution Control 


MILWAUKEE 
a Gianos, Manning Maxwell & Moore, 


John Richard Kiefer, Gran-Aire Inc. 
Robert A. Koehler, Miller Brewing Co. 
Vietor A. Torkildson, Miller Brewing Co. 


NEW JERSEY 
venm W. Armstrong, American Cyanamid 


John Anthony Gillmeier, Reciprocator Labor- 
atories 


Henry J. Hoffman, The M. W. Kellogg Co. 
Manypenny, Beckman Instruments, 


Wallace Porter, Jr., Bendix Aviation Corp. 
et Srulowitz, United States Metals 


Laurence G. Bean, The Bristol Co. 
eran, The Bristol Co. 
pay Fleming, The Bristol Co. 

P. Foglio, Combustion Control Corp. 
Norman Lieblich, Kieley & Mueller, Inc. 
Albert v, Martin, Minneapolis-Honeywell 


. Co, 
O'Connor, Lummus Co. 
Clinton Parker, Radio Corp. of America. 
Albert F. w. Parr, General Precision Labor- 


William J. Scholan, Energy Control Co. 
Henry H. Tilles, Gibbs & Hill, Inc. 

Karl J. Walter, P-M Industries Inc. 

Wm. Finley Wright, International Business 
Machines Corp. 


NEW ORLEANS 


Jackson Paul Acosta, American Cyanamid 
Co. 
E. H. Arnold, Jr., Walter J. Barnes Electric 


oO. 

John M. Bevan, Jr., Bailey Meter Co. 

Victor J. Bourgoyne, Jr., Kaiser Aluminum 
& Chemica! Corp. 

Charles K. Broderson, Shell Oil Co. 

John H. Carter, Jr., John H. Carter Co. 

Melville M. Cohen, J. F. Pritchard. 

James G. Cunningham, The Texas Co. 

Lester T. Dufour, Jr., Godchaux Sugars Inc. 

J. C, Earnest, John H. Carter Co. 

David J. Fogarty, Bailey Meter Co. 

David G. Founds, Black, Sivalls & Bryson, 
Inc. 

Robert J. Furse, Kaiser Aluminum & Chemi- 
cal Corp. 

Edward L. Gebs, Foster Wheeler Corp. 

H. R. Gilbert, John H. Carter Co. 

John J. Growl, Shell Oil Co. 

Clarence W. Harris, Chemical Construction 
Corp. 

Gerald J. Hebert, Freeport Sulphur Co. 

Henry D. Hecht III, American Cyanamid Co. 

Harry R. Leker, Kaiser Aluminum & Chemi- 
cal Corp. 

Albert R. Lambka, Shel! Oi) Co. 

Asa P. LeBlanc, Jr., American Cyanamid Co. 

Daniel A. Martinez, Godchaux Sugars Inc. 

Wilbert G. Melaneon, Godchaux Sugars Inc. 

Charles W. Montgomery, Freeport Sulphur, 
Co. 

Daniel M. Montz, Shell Oil Co. 

Landry Murphy, Allan J. Harris Co. 

Robert L. Nall, John H. Carter Co. 

James P. Oden, Foster Wheeler Corp. 

Ley Lee Olsen, Freeport Sulphur Co. 

William D. Payne, Freeport Sulphur Co. 

E. J. Petit, Shell Oil Co. 

Curles P. Reeson, Kaiser Aluminum & Chemi- 
cal Corp. 

Lewis A. Riley, Shell Oil Co. 

Henry D. Turner, Eggelhof Engineers 

Otis J, Waguespack, Black, Sivalls & Bryson, 
Ine. 

William Fred Walker, John H. Carter Co. 

W. C. Waltman, Freeport Sulphur Co. 

Calvin Winders, John H. Carter Co. 

R. E. Winders, The Texas Co. 


NORTHERN INDIANA 


Joseph D. Chalfant, Linde Air Products Co. 

James C. Finlon, Carbide & Carbon Chemi- 
cals Co. 

Ervin V. Lugar, Carbide & Carbon Chemicals 


Co. 
C. Merle Skillern, The Foxboro Co. 
Roy Wenzel, United States Steel Corp. 


PHILADELPHIA 


Robert B. Adams, Moore Products Co. 

L. Cizmadia, United States Steel Corp. 

Frank A. Damico, Firestone Plastics Co. 

Charles L. Mamzic, Moore Products Co. 

Bernard D. Rexroad, Transcontinental Gas 
Pipe Line Corp. 

Edward H. TenBroeck, Atlantic Refining Co. 

William W. Winchester, Transcontinental 
Gas Pipe Line Corp. 

Robert J. Wright, Sun Oi! Co. 


PITTSBURGH 


John H. Bail, West Penn Power Co. 

Oscar Louis Crumm, American Cyanamid Co. 

Charles C. Gerding, George J. Hagan Co. 

Reynold King, United States Steel Corp. 

Arthur E. Kraeuter, United States Steel Corp. 

Harvey H. Mitchell, Instrument Society of 
America 

Gus Schoone, Allegheny Ludlum Steel Co. 

James J. Sweeney, The Foxboro Co. 


PRESQUE ISLE 


George Starr Glenn, American Meter Com- 
pany, Inc. 


RICHLAND 


Billy D. Bickley, J. M. Perry Institute. 

Lewis A. Lambard, Genera! Electric Co. 
Lee E. Knowles, J. M. Perry Institute. 

Melvin M. Long, Blaw Knox Co. 


SABINE NECHES 
Donald E. DeBlance, U. S. Rubber Co. 
Walter W. Huber, Gulf Oil Corp. 
Robert L. Sutton, Sr., E. L du Pont de 
Nemours & Co., Inc. 


SCIOTO VALLEY 

Alec J. Blair, Goodyear Atomic Corp. 

John Bordan, Goodyear Atomic Corp. 

James K. Boughton, Goodyear Atomic Corp. 

Charles R. Brannock, Goodyear Atomic Corp. 

Ivan E. Brown, Goodyear Atomic Corp. 

Paul W. Buhr, Grinnell Corp. 

William Harold Counts, Goodyear Atomic 
Corp. 

Charles DeLaney, Jr., Grinnell Corp. 

Alfred E. Edens, Goodyear Atomic Corp. 

John L. Evans, Goodyear Atomic Corp. 

Clyde T. Everman, Goodyear Atomic Corp. 

Harry L. Henley, Goodyear Atomic Corp. 

H. H. Huddleston, Grinnell Corp. 

George R. Hunt, Goodyear Atomic Corp. 

Charles J. Gilmer, Goodyear Atomic Corp. 

Anthony Albert Claude Hitchcock, Goodyear 
Atomic Corp. 

Durell P. Haag, Crawford Fitting Co. 

Claude W. Johnson, Goodyear Atomic Corp. 

Ralph J. Johnston, Goodyear Atomic Corp. 

Ben E. Justice, Goodyear Atomic Corp. 

George R. Landreman, Goodyear Atomic 
Corp. 

Marvin D. Lowman, Goodyear Atomic Corp. 

Harold L. McFarland, Goodyear Atomic Corp. 

Robert M. Nance, Goodyear Atomic Corp. 

James I. Newman, Goodyear Atomic Corp. 

John R. Palmer, Goodyear Atomic Corp. 

D. C. Pate, Goodyear Atomic Corp. 

Hugh F. Porter, Goodyear Atomic Corp. 

Kermit Puckett, Goodyear Atomic Corp. 

Paul E. Pulliam, Goodyear Atomic Corp. 

W. A. Shelleda, Grinnell Corp. 

G. J. Shane, Goodyear Atomic Corp. 

Clarence C. Smith, Jr., Goodyear Atomic 


Corp. 
Harold Richard Smoot, Goodyear Atomic 
Corp. 
Archie R. Swearingen, Goodyear Atomic 
Corp. 


M. V. Tucker, Goodyear Atomic Corp. 

Don J. Vondrell, Goodyear Atomic Corp. 

Richard K. Wagenblast, Goodyear Atomic 
Corp. 

Samuel F. Willman, Goodyear Atomic Corp. 

Donald Lee Wilson, Goodyear Atomic Corp. 


SEATTLE 
Kurt R. Galle, Boeing Airplane Co. 


SAVANNAH RIVER 

Ollie S. Bradham, Jr., E. L. 
Nemours & Co., Inc. 

Forest Ray Ford, E. I. du Pont de Nemours 
& Co., Inc. 

Harold E. Thomas, E. I. du Pont de Nem- 
ours & Co., Inc. 

Harold Scott Sanders, E. I. 
Nemours & Co., Inc. 


TULLAHOMA 
Donald Shepherd Erb, ARO Inc. 


WAYNE COUNTY 
Roger V. Bigham, Steam Specialties Co. 
Charles P. Clark, Jr., Bradbury Kenrick 
Assoc. 


WILMINGTON 

C. Monroe Albright, Jr., E. I. du Pont de 
Nemours & Co., Inc. 

Victor F. Hanson, E. I. du Pont de Nemours 
& Co., Inc. 

H. G. Shulby, E. I. du Pont de Nemours & 
Co., Inc. 

Miltor Glen Reitenour, Jr., Hercules Powder 
Co. 


MEMBER AT LARGE 
Herman G. Cook, International Testing Serv- 


du Pont de 


du Pont de 


ice. 

Arthur C. Guyton, M.D., University of Mis- 
sissippi. 

Charles Hemler, Mound Laboratory. 


— ISA — 


You’re the one who benefits when 
new members are added to ISA. 
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AKRON 
V. J. Horning, 444 Catawba St., Akron, 
Ohio 
Fourth Tuesday, Meeting 8:15 P.M. 
ALBUQUERQUE 


A. Richard Chariton, 1229 Girard Blvd., 
N. E., Albuquerque, New Mexico 
Second Thursday, Meeting at 8:00 P.M. 


ARK-LA-TEX 
Wm. H. Coates, Minneapolis-Honeywell 


Regulator Co., 2737 Linwood Ave., 
Shreveport, La. 


ARUBA 
Nicholaas P. Schindler, P. O. Box 320, 


% Lago Oil & Transport Co. Ltd., 
Aruba, N.W.I. 
First Tuesday, 7:30 P.M., Engr’s Club. 
ATLANTA 
Roy W. Freeman, 27 Clarendon Ave., 
Avondale Estates, Ga. 
Fourth Monday, Dinner Meeting 6:30 
P.M. ODK Banquet Hall, Georgia Tech. 
BALTIMORE 
G. B. Greer, 631 East 36th St., Baltimore 
18, Md., Tel: Chesapeake 6879 
Second Friday, Meeting at 8:30 P.M. 
BATON ROUGE 
Richard S. Yahrmarkt, 1945 
Street, Baton Rouge, La. 
First Monday, 7 P.M. 
BIRMINGHAM 
W. B. Sanford, 4143 Huntsville Ave., 
Brighton, Ala. 
BLUE RIDGE 
David C. Moore, Box 425B RFD # 4, 
Roanoke, Va. 
Last Friday, Recreation Hall, 
Arsenal, Radford, Va. 
BOSTON 
Joseph H. Bertram, 233 Harvard St., 
Brookline 46, Mass. 
Fourth Wednesday, Dinner 6:30 P.M. 
Meeting at 7:30 P.M. 99 Club, 99 State 
St., Boston, Mass. 


CAROLINA PIEDMONT 
Lawrence A. Schafer, % E. I. duPont 


deNemours & Co. Inc., P. O. Drawer A, 
Camden, S. C. 

Second Friday, Dinner at 7:30 P.M. 
Meeting at 8:00 P.M. Coach House. 


CENTRAL ILLINOIS 
Eric B. Bensing, 1710 North Street, 


Peoria, Il. 
Second Wednesday, 7:30 P. M. 


oe agg oe 
C. Gruber, 6119 Burlington Ave., 
Pesca 20, Ind. 
First Tuesday, Dinner at 7:00 P.M. 


Business Meeting at 8:00 P.M. 
CENTRAL KEYSTONE 
Frederick C. Belsak, 


Steelton, Pa. 
CENTRAL NEW YORK 
Fred Lingel, 712 Summer Ave., Syra- 
cuse,, N. Y. 
Third Monday, Dinner at 6 P.M. Meet- 
ing at 8:00 P.M. 
CENTRAL OHIO VALLEY 
J. C. Dilliner, 813 Winton Ave., Belpre, 
Ohio, Tel: Belpre 87596 
First Tuesday, Dinner at 7:30 P. M., 
Hi-way Grille, Rt. No. 2 
sis aa 
J. A. Rothwell, 310 24th St., 
W. Va. 
First Monday, Dinner at 6:15 P.M. 
Meeting at 8:30 Kanawha Airport. 


Tulip 


Radford 


17 Hoffer St., 


Dunbar, 


CHICAGO 
Floyd E. Ertsman, Rm. 1420 Fisher 


Bldg., 343 S. Dearborn St., Chicago 4, 
Ill. Tel: WE 9-0686 

First Monday, Dinner at 6:30 P.M., 
Meeting at 8:00 P.M. Builders Club, 
228 N. LaSalle St., Chicago, Ill. 


CINCINNATI 
Richard E. Surkamp, 7347 Richmond 


Avenue, Cincinnati 36, Ohio 
First Monday, Dinner at 6:30 P.M. 
Meeting 8:00 P.M. Engineering Soc. of 


Cinn. 

CLEVELAND 
R. C. Van Hala, % Van Hala Indus- 
trial Co., P. O. Box 2602, Lakewood 7, 
Ohio 


Second Wednesday, Dinner 6:30 P.M., 
Meeting at 8:00 P.M. 


COLUMBUS 
J. A. Hamblin, 3549 Karl Rd., Colum- 


bus, Ohio 
Third Thursday, Meeting at 8:00 P.M. 
Battelle Auditorium. 


CUMBERLAND 
Clyde Babst, 225 Cecelia St., 


land, Md. Tel: 583-W 

Fourth Wednesday, Dinner at 6:30 
P. M., Meeting at 8:00 P.M. Ali Ghan 
Shrine Country Club, Baltimore Pike. 


DENVER 
Lleyd O. Timblin, Jr., 937 Pleasant, 


Boulder, Colo. 

No regular scheduled meeting. 

Denver, Science Bldg. Campus. 
DETROIT 

Philip Hill, Minn.-Honeywell Reg. Co., 

13631 Plymouth, Detroit 27, Mich. 

Third Wednesday, Meeting 8:00 P.M. 


EDMONTON 
E. G. McCourtney, % Wells H. Morton 


Cumber- 


U. of 


& Co., Ltd., 10251-106 St., Edmonton, 
Alberta, Canada. 

EASTERN NEW YORK 
Fred A. Ludewig, 2042 Broadway, 


Schenectady, N. Y. 
First Tuesday, Meeting at 8:00 P.M. 
Siena College, Loudonville, N. Y. 

FOX RIVER VALLEY 
John R. Redgrave, 109 S. Appleton St., 
Appleton, Wisc. 
First Tuesday, 8:00 P.M. 


HOUSTON 
Glen V. Dorflinger, % Fisher & Porter, 
4511 Kyle Street, Houston, Texas. 


Phone LI-5168. 
Fourth Monday 8 P.M. U. of Houston 
Library Auditorium. 


KALAMAZOO VALLEY 
John M. Perry, “% Arthur B. Sonneborn 


Co., 1322 McKay Tower, Grand Rapids, 
Michigan 

Fourth Wednesday, 8:00 P.M., Din- 
ner at 6:30 P.M. Meeting at Columbia 
Hotel. 


KANSAS CITY 
E. J. Bumsted, 4010 Washington, Kan- 


sas City, Missouri 

First Tuesday, Meeting at 7:30 P.M., 
U. of Kansas City, Science Bldg., Rm. 
106. 


LAKE CHARLES 
W. L. Willoughby, 3508 Louisiana Ave., 


Lake Charles, La. 
First Wednesday after last Monday. 
Columbia Southern Recreation Hall. 


LOS ANGELES 
Robert W. Fulwider, 5225 Wilshire 


Blvd., Los Angeles 36, Calif. 
Second Wednesday, Dinner at 6:30 
Meeting at 8 P.M. 


LOUISVILLE 















Emanuel Malkin, Box 145 Laden 
tucky. 
First Monday, Meeting at 8:00 
Seagram Auditorium. 
MILWAUKEE 
D. A. Spitz, Froedtert Malting Ca, ig 
712, Milwaukee, Wisc. 
No Regular meeting, Milwaukee Bag. 
neer Society Bldg. t 


a 
4 


hs 
m si 









MONTREAL 
J. R. White, % Canadian ] 

Ltd., P. O. Box 10, Montreal, Quibe 

Canada 

Last Monday of Month, Meeting i* 

P.M. ‘ 


MUSCLE SHOALS 
Frank W. Potter, T.V.A., Wilson Dap, 


Ala. 

First Thursday, Meeting 89 2's 

TVA Chemical Engineering Bldg, 
NEW JERSEY 

Eliot R. Hill, 

Plainfield, N. J. 

First Tuesday, Meeting 8:09 Px 

Essex House Hotel, Newark, N. J, ty 


NEW = 
. R. Gilbert, % John H. Gilbert (, 


a Matarrie Rd., New Orleans 2) 


NEW YORK 
R. A. Hutcheon, 45-65 196th St, Flak 


ing 58, N. Y. Tel: BAyside 9-5492, 
Third Monday, Dinner at 6:0 BLE 5 
Meeting at 7:30 P.M., Midston Hom 
38th St. & Madison Ave., New York, 

NIAGARA FRONTIER 
Duran L. Hagler, 214 E. Delavandy | 5 
Buffalo, N. Y., Tel: Elmwood 1258, 
Fourth Monday, Dinner at 6:00 Py 
Meeting at 8:00 P.M., N.Y.S. Techn 
Institute. 

NORTH TEXAS § 
M. L. Freudenthal, % Daniel Orie 
Fitting Company, 826 Fidelity Uae 
Life Bldg., Dallas 1, Texas 

eet ty TENNESSEE 

S. E. Abernathy, % Equipment i 
Corp., 341-345 W. Market St, Ki ‘ 
port, Tenn. 

NORTHERN CALIFORNIA 
George W. Killian, 3718 Ramsey Got 
El Sobrante, Calif. BEacon 4-062. 
Third Monday, Meeting 8:00 P.M. 


so INDIANA 
B. Beckman, 7145 Wicker 


+A lien Ind. 

Second Tuesday, Meeting at 8:00 
Whiting Community Center, 
Ind. 


OAK RIDGE ) 
John E. Potts, 309 W. Vanderbilt h 


Oak Ridge, Tenn. 
First Wednesday at 7:30 Ridge B 
tion Hall. 


OGLETHORPE 
R. A. Coffield, 2219 E. 39th St, 5 


nah, Ga. 

Second Friday, 8 P.M. Reddy 

Room, Savannah Electric & Powe® 
Soe, % 











1125 Kensington Ave, 


























. B. Russell, Carbide & Carbon ¥ 

ak Co., P. O. Box 748, Paducal,® 
Tel: 5-6311 Exe. 403 3 
Second Tuesday Dinner at 6:07 
Meeting 8:00 P.M. 


PANHANDLE 
Baxter G. Clayton, 1003 Bonham, 


rillo, Texas 
Third Tuesday, Dinner at 17:80 
Phillips Grade School Cafeteria, 
lips, Texas. 


PERMIAN BASIN 
W. R. Henry, P. O. Box 1262, 





















Texas 
Second Tuesday, Dinner at 8 
Tel: 2-2813. 






PHILADELPHIA 
William J. Leighton, % Conoflow 


2100 Arch St., Philadelphia 3, , 
Third Wednesday, Elks Club, 182% 
St. Dinner at 6:30, Meeting 7:80. 


ISA Jom 
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Waukee z 


i: 
“a 


tre, eae 


Meeting 
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«4 A. H. Peterson, Mellon Institute, 
4400 Fifth Ave., Pittsburgh 13, Pa. 
Ma. 1-1100 

Fourth Monday, Dinner at 6:30 P.M., 
Meeting at 8:00 P.M., Roosevelt Hotel 


Vernon S. Robyn, Minneapolis-Honey- 
well Regulator Co., 107 S. E. 7th at 
Ankeny St., Portland 14, Oregon. 

Third Friday. 


my Moore, American Meter Co., 920 


oe ase. Erie, Pa. 
Fourth Tuesday, 8:00 P.M. 

uc -. Plee, 1309 Roberdeau, Richland, 
Wash. Tel: 5-8692. 
Second Wednesday, 7:30 P.M. 
R. C. Schwarz, Jr., 1201 Granite Bldg., 
Rochester 10, New York Tel: Hamilton 
1468 
Fourth Tuesday, Meeting 8 P.M. U. of 
R. Bausch & Lomb Physics Lecture 
Room 109. 

SABINE-NECHES 
L. A. Desormeaux, 203 Pine St., Port 
Neches, Texas 
Fourth Tuesday, Meeting at 7:30 P.M., 
Orange County Court House, Orange, 
Texas 

SARNIA 
L. J. Hall, 730 Talfourd St., Sarnia, 
Ont., Canada, Tel: Edgewater 7-2258. 
Fourth Monday 8:00 P.M. YM-YWCA 


SAVANNAH RIVER 
F. D. Reed, 516 Goldman St., 
Augusta, South Carolina 
Second Wednesday, Dinner at 7:30. 
North Augusta Legion Post. 

SCIOTO VALLEY 
Joseph G. Henry, Acting Section Secre- 
tary, R. R. No. 2, Lucasville, Ohio. 
First Monday, Dinner Meeting at 6 P.M. 
Waverly First Presbyterian Church, 
Waverly, Ohio. 


SEATTLE 
Frank 8S. Melder, 2439 76th N. E. Belle- 
vue, Washington 
Second Friday, University of Washing- 
ton, en Hall 7:30 P.M. 


North 





SOUTH TEXAS 
Homer C. Givens, P. O. Box 637, Fal- 


furrias, Texas Tel: 202 
First Thursday, Engineers Club. 


ST. LOUIS 
W. G, Lee, 6935 Ravenscroft Drive, St. 


Louis, Mo. 
First Wednesday After First Monday, 
Meeting at 8 P.M. 

TAMPA BAY 
Troy D. Dunn, Acting Secretary, 18 W. 
Charles St., Avon Park, Fla. 


TOLEDO 
Warren G. Myers, 2257 


Toledo 6, Ohio 
Third Tuesday, 8 P.M. Edison Service 
Bldg., W. Delaware Ave., Toledo, Ohio 


TORONTO 
John W. Huether, 311 Sutherland Dr., 


Leaside, Ontario, Canada Tel: HU- 
7114 
Fourth Thursday, Meeting at 8 P.M. 


TULLAHOMA 
Owedia A. Montgomery, P. O. Box 492, 


Tullahoma, Tenn. Tel: 636 
First Tuesday, Meeting at 7:30 P.M. 


TULSA 
G. R. MeDannold, 220 N. Boston, Tulsa, 


Okla. 

First Monday, Meeting at 7:30 P.M. 
TWIN CITIES 

John L. Schmidt, 1879 University Ave., 

St. Paul 4, Minn., Tel: Dr 0064 

Dinner at 6:30 P.M., Meeting 7 


WASHINGTON 
Dr. Alfred Henley, American Instru- 


ment Co., 8030 Georgia Avenue, Silver 
Spring, Md. 
Third Monday, Potomac Electric Power 


Upton Ave., 


730 P.M. 


Co., Auditorium, 10th & E Sts., N. W., 
8 P.M. 

WAYNE COUNTY 
Clarence Ellison, 2443 15th St., Wyan- 


dotte, Mich., Tel: Avenue 2-4178 
Second Monday, Casadei’s, 400 S. Fort 
St., Detroit, Mich. 8:00 P.M. 


WICHITA 
J. W. Rieg, Koch Engineering Co., 123 
S. Charles, Wichita 12, Kan. 
Third Thursday, 8 P.M., Scientific Bldg. 
WILMINGTON 
John Humphrey, Taylor Instrument 
Companies, R. D. No. 2, Lansdale, Pa. 
Third Tuesday, “Hunt Room”, Hote) 
Rodney, Wilmington, Del., Dinner 6:30. 
P.M. Meeting § P.M. 





Does Your COMPANY LIBRARY Subscribe ? 


If your Company library doesn’t already subscribe to ISA Journal 
you might like to point out to them that there are still a limited 
number of the January, February, March and April issues avail- 
able. 


A subscription NOW could insure a complete fie. Why not give 
your Librarian a phone call. He will appreciate it. 

ISA JOURNAL 

1319 Allegheny Avenue 

Pitisburgh 12, Pa. 


Enter a subscription for Company/City Library to begin with. === == 


(Current or Jan. 1954) 
[J $5.00 enclosed for one year, 12 issues. 
CL] Send invoice to me. 
[] Send invoice to Company. 





Name of Company or City Library_— ns. Se ee 








Address 
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Your Name 
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Member of Section _ 
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Please mention ISA JOURNAL when writing. 










Minimize the factors of error in Te 
Instrument Test Procedures w ; 


@ Permit accurate test without re de- 
tecting element from well 


@ Eliminate the use of separate 
test wells 


@ Reduce the cost of 
Test Procedure 






Write for Bulletin 541 


TRINITY EQUIPMENT CORPORATION 
488 Westfield Ave.,East + Roselle Park, New Jersey 





Corporation 


MODEL 59 f- 
MEGACYCLE 








FREQUENCY CALIBRATION: +2% 


For determining the resonant 
frequency of tuned circuits, an- 
tennas, transmission lines, by- 
pass condensers, chokes, etc. 
For measuring inductance and 
capacitance. May also be used 
as an auxiliary signal genera- 
tor; for signal tracing and many 
other applications. 


Complete data on request. 


MEASUREMENTS 
CORPORATION 










Bekek, Bee, | oO NEW JERSEY 





JUNE, 1954 


Conference on Industrial Research, Harriman, 
New York Arden House, Harriman Campus. 
For information write, Robert Teviot Livings- 
ton, 409 Engineering Building, Columbia Uni- 
versity, New York 27, N. Y. June 6-11. 
Society of Automotive Engineers, Summer Gen- 
eral Meeting, Atlantic City, New Jersey Hotel 
Ambassador. For information write, W. W. 
Milne, Business Manager, Meetings Division, 29 
West 39th St., New York 18, N. Y. June 6-11. 
Society of the Plastics Industry, 6th National 
Plastics Exposition, Cleveland, Ohio, Cleveland 
Auditorium. For information write, Langdon 
P. Williams, Director of Public Relations, 67 
West 44th St., New York 36, N. Y. June 7-10. 
National Society of Professional Engineers, 
Annual Meeting, Milwaukee, Wisconsin. For 
information write, Paul H. Robbins, Executive 
Director, 1121 15th St., N.W., Washington 5, 
D. C. June 8-10. 

American Society for Quality Control, 8th 
National Convention, St. Louis, Missouri. For 
information write, Paul K. Leatherman, Lam- 
bert Pharmacal Co., St. Louis, Missouri. June 
9-12. 

Instrument Society of America, National Edu- 
cation Committee and American Society for 
Engineering Education, University of Illinois; 
Co-sponsored symposium on Instrumentation 
Education. For reservation and registration 
write Prof. G. R. Peirce, Department Electrical 
Engineering, University of Illinois, Urbana, 
Ill. June 12. 

American Society for Testing Material, Annual 
Meeting, Photographic Exhibit and Exhibit of 
Testing Apparatus and Laboratory Supplies, 
Chicago, Illinois, Hotels Sherman and Morri- 
son. For information write, R. J. Painter, 
Exec. Secretary, 1916 Race St., Philadelphia, 
Pennsylvania. June 13-18. 

American Society of Mechanical Engineers, Oil 
and Gas Power Conference, Kansas City, 
Missouri, Hotel Muehlebach. For information 
write, O. B. Schier, IJ, Meetings Manager, 
Meetings Department, 29 West 39th Street, 
New York 18, N. Y. June 14-17. 

American Society for Engineering Education, 
Annual Meeting, Urbana, Illinois, University of 
Illinois. For information write, Miss Marion 
Strohm, Editorial Secretary, ASEE, North- 
en University, Evanston, Illinois. June 
14-18. 


American Society of Civil Engineers, Atlantic 
City Convention, Atlantic City, New Jersey, 
Chalfonte-Haddon Hall. For information 
write, Don P. Reynolds, Assistant Secretary, 
r tas 39th St. New York 18, N. Y. June 


American Society of Agricultural Engineers, 
47th Annual Meeting, Minneapolis, Minnesota, 
University of Minnesota. For information 
write, Frank B. Lanham, Secretary, St. Joseph, 
Michigan. June 20-23. 


American Society of Mechanical Engineers, 
Semi-Annual Meeting, Pittsburgh, Pennsylvan- 
ia, Hotel William Penn. For information write, 
O. B. Schier, Il, Meetings Manager, 29 West 
39th St., New York 18, N. Y. June 20-24. 


American Institute of Chemical Engineers Na- 
tional Meeting, Ann Arbor, Michigan, Univer- 
sity of Michigan. For information write, R. 
R. White, General Chairman, University of 
Michigan, 2028 East Engineering Building, Ann 
Arbor, Michigan. June 20-25. 


American Institute of Electrical Engineers, 
Summer and Pacific General Meeting, Los 
Angeles, California. For information write, 
Headquarters, 33 West 39th St., New York 18, 
N. Y. June 21-25. 


Acoustical Society of America, Semi-Annual 
Meeting, New York City. For information 
write, Wallace Waterfall, Secretary, 57 East 
55th St., New York 22, N. Y. June 22-26. 


American Helicopter Society, Tenth Annual 
Meeting, Washington, D. C., Mayflower Hotel. 
For information write, Harry M. Lounsbury, 
Executive Secretary, 2 East 64th St., New 
York 21, N. Y. June 24-26. 


American Society of Heating and Ventilating 
Engineers, Semi-Annual Meeting, Swampscott, 
Massachusetts, New Ocean House. For in- 
formation write, David T. Donovan, Assistant 
Secretary, 62 Worth Street, New York 13, 
New York. June 28-30. 


American Physical Society, Minneapolis, Min- 
nesota. For information write, K. K. Darrow, 
Columbia University, New York 27, N. Y. 
June 28-30. 


JULY, 1954 a 
American Physical Society, Seattle, \ 
ton. For information write, K, K. 
Columbia University, New York 97 
July 7-10. 


American Society of Refrigerating 
4ist Semi-Annual Meeting, Seattle, 
ton, Hotel Olympic. For inform 
Julia I. Szabo, Assistant to the Senm 
West 40th Street, New York 18, N, 
11-14. 4 


AUGUST, 1954 


Society of Automotive Engineers, ; 
Meeting, Los Angeles, Calif., Hotel 
For information write, W. W. 
Manager, Meetings Division, 29 West 
New York 18, N. Y. August 16-18, 


Western Packaging and Materials 
Exposition, San Francisco, Calif., G 
torium. For information write, Gig 
Poliak, Inc., 341 Madison Avenue, 
17, N. Y. August 17-19. 


Western Electronic Show and 
Angeles, California, Pan Pacifie 

For information write, Mal Mobley, Jp 
ness Manager, 344 North LaBrea A: 
Angeles 36, Calif. August 25-27, 


SEPTEMBER, 1954 


Symposium on Nuclear Physics in 
Education, Northwestern University, 
Physics and Engineering Educators; | 
ance limited to 150. Sponsored by Aj 
Society for Engineering Education, 
Institute of Physics, National Science 
tion, Northwestern i 
registration i 

Young, Technical Institute, Nort 
versity, Evanston, Ill. Sept. 7-11, 


Instrument Society of America, 
national Instrument Congress and 
Philadelphia, Pa., Philadelphia M 
Convention Hall. For informa’ 

Jones, Jr., Society Manager, 1319 
Ave., Pittsburgh 33, Pa. Sept. 13-24 5 





Please check data in this 
for accuracy; kindly send in 
meeting notices, missing ini 
and corrections not later than 
for inclusion in July 1954 issue. 

It is suggested that groups i 
special conferences, symposia, oF 
hibits of interest te ISA 
forward information 
and dates Ce A . one 7 
that ISA ationa 
assist in preventing undesirable 
flicts. 

Please forward information to P. 
Jones, Jr., Society Manager, 
ment Society of America, 1319 
heny Avenue, Pittsburgh 33, Pa. 
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